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PREFACE. 


The  present  volume  consists  of  papers  read  before  the  En- 
gineering Society  of » the  School  of  Practical  Science  during  the 
session  1900-1901. 

As  in  the  past,  the  papers  all  deal, with  some  of  the  numerous 
branches  of  engineering.  Besides  being  interesting  reading,  all 
contain  valuable  information  and  will,  it  is  believed,  be  found 
useful  not  only  by  students,  but  also  by  graduates  and  others 
engaged  in  active  professional  life.  The  papers  on  Chemical 
Wood,  Pulp  and  The  Conservation  of  Water  for  Power  Purposes, 
mark  a growing  interest  in  those  branches  of  engineering,  upon 
which  the  development  of  this  country  largely  depends. 

The  Society  is  to  be  congratulated  upon  having  secured 
papers  from  Mr.  H.  C.  Tyrrell,  Mr.  C.  H.  Mitchell,  and  Mr. 
A.  W.  Campbell,  each  a recr?iiized  authority  on  the  subject  of 
Vvdiich  he  writes. 

The  thanks  of  the  Society  are  due  to  all  who  have,  by  their 
contributions,  or  in  any  other  way,  materially  aided  its  usefulness. 


Toronto,  April  I7th,  1901. 
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Elwell,  AV.,  ’02. 

Empey,  J.  M.,  ’02. 
Evans,  H.  AV.,  ’03. 
Fensom,  C.  J.,  ’03. 
Fleck,  J.  G.,  ’03. 

Fuce,  E.  O.,  ’03. 

Fuller,  A^  M.  S.,  ’03. 
Gaby,  F.  A.,  ’03. 
Gardner,  J.  C.,  ’03. 
Gibson,  A.  E.,  ’02. 
Gillespie,  P.,  ’03. 
Goodwin,  A.  C.,  ’02. 
Gordon,  E.  R.,  ’03. 
Gordon,  J.  P.,  ’03. 
Gourlay,  AA’.  A.,  ’02. 
Gray,  A.,  ’03. 

Green,  E.  A.,  ’03. 
Greenwood,  AV.  K.,  ’03. 
Gurney,  E.  H.,  ’03. 
Gzowski,  H.  N.,  ’03. 
Hamilton,  J.  F.,  ’03. 
Hanes,  G.  S.,  ’03. 


Harcourt,  F.  T.,  ’03. 
Hayes,  L.  J.,  ’03. 
Henderson,  F.  D.,  ’03. 
Hendry,  M.  C.,  ’03. 
Henwood,  C.,  ’02. 
Horton,  J.  A.,  ’03. 
Irving,  T.  C.,  Jr.,  ’03. 
Jackson,  J.  G.,  ’03. 
Jackson,  J.  H.,  ’03. 
James,  E.  A.,  ’03. 
Johnston,  D.  M.,  ’02. 
Johnston,  C.  K.,  ’03. 
Johnston,  H.,  ’03. 
Keagey,  J.  AV.,  ’03. 
Knight,  R.  H.,  ’02. 
Kernahan,  M.  G.,  ’03. 
Lang,  A.  G.,  ’02. 
Langmuir,  F.  L.,  ’02. 
Larkworthy,  AV.  J.,  ’03. 
Latournell,  A.  J.,  ’03. 
Legge,  A.  H.,  ’03. 
McAuslan,  H.  J.,  ’03. 
AlcBride,  A.  H.,  ’02. 
McCuaig,  O.  B.,  ’03. 
McFarlane,  J.  A.,  ’03. 
McGuire,  R.  A.,  ’03. 
McKay,  J.  J.,  ’02. 
McKay,  J.  T.,  ’02. 
AIcKellar,  J.  O.,  ’03. 
McKitrick,  C.  AV.,  ’03. 
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McKinnon,  H.  D.,  ’03. 
McNaughton,  A.  L.,  ’03. 
Madden,  J.  F.  S.,  ’02. 
Mathieson,  P.,  ’02. 

Maher,  W.  R.,  ’03. 
Marriott,  F.  G.,  ’03. 
Marrs,  0.  H.,  ’02. 
Meader,  J.  E.,  ’03. 
Milden,  A.  J.,  ’03. 

Miller,  M.  L.,  ’03. 

Mills,  J.  E.,  ’03. 

Milne,  W.  G.,  ’03. 
Montgomery,  R.  H.,  ’03. 
Mans,  C.  A.  ’03. 

Moore,  F.  A.,  ’02. 

Morley,  R.  W.,  ’02. 
Morton,  P.  E.,  ’03. 
Mullins,  E.  E.,  ’03. 

Nash,  T.  S.,  ’02. 

Nevitt,  I.  H.,  ’03. 

Oliver,  E.  W.,  ’03. 
Oliver,  J.  P.,  ’03. 


Pace,  J.  D.,  03. 
Pardoe,  W.  S.,  ’03. 
Paris,  J.,  ’03. 

Patten,  B.  B.,  ’03. 
Philip,  H.  D.,  ’03. 
Plunkett,  T.  H.,  ’03. 
Pinkney,  D.  H.,  ’03. 
Porte,  W.  B.,  ’03. 
Powell,  G.  G.,  ’02. 

Ratz,  W.  F.,  ’02. 
Robertson,  D.  F.,  ’02. 
Robertson,  H.  D.,  ’02. 
Rose,  H.  G.,  ’03. 

Ross,  R.  B.,  ’03. 

Roy,  J.  E.,  ’02. 
Rutherford,  F.  N.,  ’03. 
Shipe,  H.  M.,  ’03. 
Sinclair,  D.,  ’02. 

Small,  H.  S.,  ’03. 

Smith,  H.  G.,  ’03. 
Smith,  J.  H.,  ’03. 
Steele,  D.  L.,  ’03. 


Steele,  T.  J.,  ’02. 
Stevens,  W.  A.,  ’03. 
Sutherland,  W.  H.,  ’02. 
Taylor,  T.,  ’02. 
Teasdale,  C.  M.,  ’02. 
Thorne,  W.  F.,  ’03. 
Townsend,  C.  J.,  ’03. 
Trees,  S.  L.,  ’03. 
Umbach,  J.  E.,  ’03. 
Waldron,  J.,  ’03. 

Wass,  S.  B.,  ’03. 
Wanless,  A.  A.,  ’02. 
Weddell,  R.  G.,  ’03. 
Whelihan,  J.  A.,  ’02. 
White,  F.,  ’03. 

Wilson,  J.  M.,  *03. 
Wilson,  N.  D.,  *03. 
Williams,  C.  G.,  ’03. 
Worthington,  W.  R.,  ’03. 
Young,  C.  R.,  ’03. 
Young,  AY.  H.,  ’03. 

Zahn,  H.  T..  ’02. 


OBITUARY  NOTICE. 


It  is  with  regret  that  we  have  here  to  chronicle  the 
death  of  one  of  onr  undergraduate  memherS;,  Mr.  G.  0. 
McCollum,  a student  in  the  Mechanical  and  Electrical  de- 
partment of  the  Third  Year.  Mr.  McCollum  was  the  eld- 
est son  of  ex-Mayor  J.  K.  McCollum,  of  Welland,  Ont.,  and 
was  twenty-two  years  of  age.  He  took  ill  on  Thursday, 
December  20,  1900,  and  after  two  weeks  of  pain  died  at 
Toronto  General  Hospital  on  January  4.  Interment  took 
place  with  military  honors  at  Welland,  on  January  7. 

Mr.  McCollum  was  a lieutenant  in  the  44th  Welland 
Eegiment.  Among  his  fellows  always  popular,  his  decease 
robbed  us  of  a friend  and  fellow  student. 
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PRESIDENT’S  ADDRESS. 


Gentlemen: — 

It  affords  me  much  pleasure  to  welcome  you  to  the  opeuiug 
uieetiug  of  our  Society. 

To  those  of  you  who  are  about  to  hecome  members,  I extend 
a hearty  welcome,  while  to  the  older  members  who  have  elected 
me  to  the  highest  position  in  their  power  I extend  m_y  thanks. 

Yon  have  conferred  a great  honor  upon  me  in  electing  me  to 
the  office  of  President,  and  I sincerely  trust  that,  Avith  the  co- 
operation of  the  energetic  committee  which  yon  haA^e  elected  to 
assist  me,  the  Engineering  Society  Avill  continue  to  prosper  as  in 
the  past. 

It  is  necessary  that  each  member  slionld  do  his  share  in  assist- 
ing the  committee  to  make  this  ,year  one  of  the  most  snccessfnl  in 
the  history  of  the  Society. 

The  objects  of  the  Society  are  already  set  forth  in  the  Con- 
stitution, copies  of  which  may  be  obtained  from  the  librarian. 

I Avonld  like  particularly  to  emphasize  the  great  A^alue  to  be 
derived  from  reading  papers  at  the  meetings  of  our  Society.  The 
student  members  are  beginning  to  take  an  actiA’^e  interest  in  this 
important  branch  of  the  School  Avprk  and  those  Avho  haA^e  rc'ad 
papers  in  the  past  will  all  state  that  they  are  exceedingly  glad  they 
did  so. 
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Since  we  recognize  no  year  distinctions,  and  all  papers  on 
engineering  subjects  are  acceptable  from  our  members,  I trust  that 
you  will  carefully  consider  the  many  advantages  gained  and  con- 
tinue to  contribute  towards  the  contents  of  our  pamphlet- 

Don’t  let  the  thought  that  you  are  not  a senior  student  keep 
you  from  contributing  a paper,  for  it  is  at  our  meetings  that  we 
have  to  become  more  thoroughly  acquainted  with  each  other. 

As ’President  of  the  Engineering  Society  I have  to  procure  the 
papers  to  be  read  at  our  meetings  and  published  in  the  pamphlet 
and  I can  assure  you  from  my  experience  this  summer  that  this  is 
no  easy  task, 

There  should  be  no  reason  why  it  should  be  difficult  to  secure 
papers  from  the  undergraduate  members  unless  it  be  that  they  are 
not  fully  aware  of  the  benefits  to  be  derived  therefrom. 

There  are  a great  many  reasons  why  you  should  avail  your- 
selves of  the  opportunity  offered  to  contribute  papers  and  read 
them  at  the  meetings,  and  with  your  permission  I will  mention  a 
few  of  these. 

The  Council  of  the  School,  when  granting  honors,  consider 
the  papers  read  before  the  Society,  so  that  not  only  those  who 
listen  but  also  the  writer  receives  much  benefit. 

One  other  great  advantage  of  reading  papers  at  our  meetings, 
which  is  very  often  overlooked,  is  that  the  reader  gains  considerable 
confidence  in  speaking  in  public.  E^o  doubt  a number  of  you  will 
be  called  upon,  at  some  time  in  the  practice  of  your  profession,  to 
state  your  views  and  support  them  before  a meeting  of  directors  of 
some  company  or  a Town  Council.  A great  deal  more  weight  is 
attached  to  a person’s  opinions  if  they  are  given  forcibly  and  with- 
out effort,  and  at  our  meetings  you  have  a splendid  chance  to  be- 
come more  proficient  in  this  branch  of  your  profession. 

Another  advantage  gained  in  compiling  a paper  is  the  knack 
of  arranging  your  material  in  proper  systematic  order,  which  is  so 
essential  in  the  work  of  the  engineer.  The  notes  taken,  the  extra 
re  ading,  the  concentration  of  the  mind  on  the  subject,  and  the 
opinion  of  your  fellow  students  on  your  efforts  are  also  of  advan- 
tage. 
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After  a paper  is  read  at  our  meetings  I would  like  you  to  have 
questions  to  ask  and  if  possible  create:  some  discussion,  for  in  this 
way  many  points  are  brought  out  which  may  have  been  overlooked 
in  the  paper- 

Last  year  we  were  very  fortunate  in  having  several  of  our 
papers  illustrated  with  lantern  slides  which  Avere  generously  sup- 
plied by  the  School.  In  this  respect  I might  say  that  a considerable 
amount  of  time  Avas  expended  by  some  members  of  'the  Laculty 
and  the  Fellows-  In  particular  I Avish  to  thank  Mr.  C.  H.  C. 
Wright  and  Mr.  A.  H.  Harkness  for  their  untiring  efforts  in  pro- 
viding us  last  year  Avith  so  many  lantern  slides,  and  I trust  that 
this  year  we  -may  look  forAvard  to  seeing  more  of  the  slides  on  the 
screen. 

After  the  papers  have  been  read  at  our  meetings  they  are  filed 
aAvay  until  it  is  time  to  arrange  the  material  for  the  pamphlet. 
They  are  then  submitted  to  the  Editor,  Avho  has  charge  of  the  publi- 
cation, and  is  appointed  by  the  Council  of  the  School,  Avho  selects 
those  most  suitable  for  publication  in  the  proceedings  of  the 
Society. 

Last  year  1,500  copies  of  the  pamphlet  Avere  printed.  Copies 
of  this  Avere  sent  to  all  life  members  of  the  Society,  and  all  the  pro- 
minent magazines  and  colleges  in  the  Avorld.  We  also  make  ex- 
changes Avitli  a fcAV  similar  societies  in  other  colleges. 

The  Engineering  Society  handles  all  the  draughting  paper 
and  laboratory  note  books  used  in  the  School.  This  year  Ave  will 
purchase  our  not©  books  direct  from  the  Avholesale,  but  I am  sorry 
to  say  this  is  impossible  Avith  the  draughting  paper,  as  the  paper 
we  use  is  manufactured  in  Germany  At  a meeting  of  the  com- 
mittee held  last  May  Ave  discussed  the  advisability  of  purchasing 
our  paper  direct  from  Germany,  but  had  to  give  up  this  idea  on 
account  of  the  lack  of  funds  in  the  treasury.  A great  saving  in 
the  cost  of  the  paper  could  be  made  if  we  had  the  necessarA’'  money 
to  order  our  season’s  stock  direct  from  the  manufacturer  in  May. 

This  matter  has  received  careful  consideration,  and  the  pro- 
blem of  increasing  our  funds  Avas  constantly  Avith  me  during  the 
past  summer.  During  next  summer  if  each  member  of  our  Society 
both  graduate  and  undergraduate,  could  obtain  an  adA^ortisoment 
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to  be  inserted  in  onr  animal  pamphlet,  the  finances  of  the  Society 
would  be  placed  in  such  a secure  state  that  we  could  then  buy  all 
onr  materials  direct  from  the  mannf actnrers.  This  woulc]  mean 
that  onr  funds  would  be  further  increased.  There  is  no  reason  to 
reduce  the  cost  of  tlie  materials  now  sold  to  the  students,  as  they 
are  now  below  the  prices  of  the  retail  dealers.  This  then  would 
mean  that  we  would  be  able  to  spend  a considerable  sum  annually 
in  purchasing  new  and  up-to-date  books  for  our  library.  We  could 
easily  spend  a few  hundred  dollars  in  this  work,  and  it  is  my 
opinion  that  the  money  could  not  be  spent  in  a better  way.  The 
first  object  of  the  Society,  as  stated  in  Article  2 of  our  Constitu- 
tion, is  “ the  encouragement  of  original  research  in  the  Science  of 
Engineering,”  and  this  cannot  be  encouraged  in  a more  practical 
Avay  than  in  providing  literature  on  various  scientific  subjects  for 
the  use  of  the  members  of  our  Society. 

I trust  that  next  summer  you  will  avail  yourselves  of  the  oppor- 
tunity thus  afforded  of  helping  to  place  the  library  of  the  Engineer- 
ing Society  in  a condition  that  it  v/ill  be  of  use  to  our  members. 

At  our  last  annual  meeting,  Mr.  Shanks,  the  retiring  Presi- 
dent, introduced  a new  system  of  voting,  which  gave  such  general 
satisfaction  that  I feel  I cannot  conclude  without  mentioning  it. 
By-law  four  of  our  Society  states  that  a majority  of  the  total 
number  of  votes  cast  shall  be  necessary  for  election  to  any  office.” 
When  there  were  over  twO'  candidates  for  any  office,  under  the  old 
system  of  voting,  this  would  very  often  make  it  necessary  tO'  hold 
two  or  even  three  elections  before  one  candidate  would  receive  a 
majority  of  the  votes  cast.  This  caused  an  annoying  delay  in  the 
elections  and  a great  deal  of  unnecessary  trouble  and  work  to  the 
scrutineers  as  well  as  to  the  members. 

In  the  new  system  this  was  overcome  by  the  voter  marking 
opposite  the  candidate  for  whom  he  wished  to  vote  the  figure 
Avhile  opposite  his  second  choice  for  this  office  he  marked  the 
figure  2,  and  opposite  his  third  choice  the  figure  3,  and  so  on. 
When  the  number  of  first  choices  ” were  added,  if  any  candidate 
had  received  a majority  he  was  declared  elected,  but  if  not  then  the 
second  choices  ” of  the  lowest  candidate  were  distributed  among 
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the  others.  If  no  candidate  was  then  elected  the  ballots  of  the 
lowest  candidate  were  again  distributed  among  the  others. 

This  system  was  very  satisfactory  and  little  more  trouble  was 
experienced  in  counting  the  ballots  than  in  the  ordinary  way,  and 
an  election  was  always  assured. 

Before  concluding  I would  like  to  make  a few  remarks  about 
the  School.  The  reputation  of  the  Ontario  School  of  Practical 
Science,  as  an  engineering  college,  has  been  rising  for  a number  of 
years,  until  now  it  is  looked  upon  as  being  one  in  which  a very 
thorough  knowledge  of  the  foundation  of  engineering  science  is 
obtained.  The  number  of  students  in  attendance  has  been  increas- 
ing rapidly  each  year  and  it  has  arrived  at  the  point  where  very 
little  more  accommodation  can  be  afforded.  It  is  crowded  in  every 
department  and  in  a year  or  two  if  more  accommodation  is  not  pro- 
vided the  students  will  have  to  go  to  other  colleges  to  obtain  their 
edncation. 

A large  grant  from  the  Government  is  needed  to  maintain 
the  high  reputation  which  the  School  now  enjoys,  and  to  accom- 
modate the  students  who  are  flocking  here  annually. 

It  is  with  regret  that  I have  to  refer  to  the  illness  of  one  of 
the  Past  Presidents  of  our  Society,  and  a member  of  the  Faculty 
of  the  School.  Mr.  Duff  has  always  taken  a keen  interest  in  the 
Engineering  Society,  but  unfortunately  will  not  be  able  to  be  witli 
us  this  year.  I am  glad  to  be  able  to  announce  that  he  is  very 
much  better  and  hopes  to  continue  his  work  in  the  School  next  fall. 
I am  sure  that  it  is  the  wish  of  every  member  of  the  Society  that 
Mr.  Duff’s  health  and  strength  will  soon  return  to  him  and  that 
lie  will  again  be  able  to  continue  his  lectures  and  attend  the  meet- 
ings of  our  Society. 

I will  conclude  my  remarks  by  again  thanking  you  for  the 
honor  yon  have  conferred  upon  me,  and  will  ask  that  yon  do  all 
in  your  power  to  help  the  committee  make  this  one  of  the  most 
successful  years  in  the  history  of  the  vSociety. 


I'.  W.  Thorold. 


CHEMICAL  WOOD  PULP. 


J.  A.  Decevv,  ’96. 


Ill  preparing  tliis  paper  on  Chemical  Wood  Pulp,  I have 
merely  attempted  a synopsis  of  the  subject,  which  may  conve}^  to 
those  who  heretofore  have  given  the  subject  but  little  attention, 
some  idea  of  the  methods  employed  and  the  chemistry  involved  in 
this  industry.  It  is  needless  to  mention  that  as  far  as  our  broad 
Dominion  is  concerned,  this  industry  is  but  in  its  infancy,  for  the 
larger  portion  of  our  northem,  uninhabited  lands  are  well  timbered 
with  spruce,  which  is  one  of  the  best  of  the  paper  making  woods. 
Consequently  this  subject  demands  more  attention  than  it  receives 
from  Canada’s  Practical  Science  students,  because  it  has  already 
taken  a deep  hold  upon  the  financial  world,  and  because  our  pro- 
fession above  all  others,  should  keep  in  touch  with  the  industries 
of  the  country. 

The  word  pulp  is  a term  which  generally  may  be  applied  to 
a number  of  materials,  which  are  quite  variable  in  character  but 
]nore  or  less  similar  in  appearance,  therefore  if  we  first  classify 
these  in  a general  way,  we  shall  have  a somewhat  clearer  concep- 
tion of  that  special  kind,  that  we  are  about  to  discuss.  We  may 
divide  them  into  four  classes  according  to  quality,  namely: 

I.  Pag  Pulp — which  is  made  from  cotton,  linen  or  hemp 
fibres. 

II.  and  III.  Wood  Pulps — which  are  of  two  kinds,  chemical 
and  mechanical. 

IV.  Straw  Pulp — which  is  a chemical  product  of  inferior 
quality. 

As  the  manufacture  of  mechanical  wood  pulp  was  very  ably 
described  in  a paper  read  before  this  Society  last  year,  the  subject 
matter  of  this  article  will  deal  exclusively  with  its  half-brother  of 
the  chemical  species,  which  is  in  reality  another  product  from  the 
same  substance. 


CHEMICAL  WOOD  PULP. 


7 


Meclianical  pulp  is  simply  wood,  ground  to  a line  powder  and 
consists  cliemically  of  a combination  of  celluloses  and  lignocellu- 
loses.  ]Now  if  instead  of  grinding,  we  treat  the  wood  with  a 
chemical  solution,  which  disintegrates  it  and  dissolves  out  the 
lignocelluloses,  we  then  have  left  what  is  commonly  called  chemical 
pulp,  and  this  consists  of  those  celluloses  which  have  resisted  the 
action  of  the  solvent.  As  about  half  of  the  woody  substance  is 
thus  removed  and  destroyed,  the  remaining  product  'must  neces- 
sarily be  more  costly  than  the  ground  pulp,  but  the  fibres  remain- 
ing are  white  and  unbroken  and  are  only  comparable  with 
the  cheaper  product  when  quality  is  not  required.  Mechanical 
pulp  has  a very  short  fibre,  little  felting  power,  is  quickly  discolored 
in  air  and  light,  and  is  only  used  as  a filling  material  in  news, 
wrapping,  and  other  papers  of  a temporary  character.  Chemical 
wood  pulp,  however,  makes  a good,  white,  permanent  paper,  and 
is  the  source  of  most  of  our  witing  materials,  although  it  makes 
neither  as  strong  nor  as  resistant  a paper  as  do  the  rag  pulps. 

The  pulps  prepared  from  straw  are  pronounced  oxy celluloses, 
and  liave  considerably  more  chemical  activity  than  those  prepared 
from  the  woods. 

There  are  two  distinct  methods  of  preparing  the  chemical 
wood  pulp,  which  may  be  designated  as  the  alkaline  and  the  acid. 
In  the  alkaline  or  soda  process  the  usual  method  employed  is  to 
pack  the  wood  in  the  form  of  chips  into  a horizontal  cylindrical, 
rotating  digester,  which  has  a capacity  of  about  three  cords. 

Here  it  is  digested,  with  about  seven  hundred  gallons  of  a six 
to  nine  per  cent,  solution  of  sodium  hydrate,  which  is  heated  to 
high  temperatures  by  means  of  live  steam.  The  boiling  lasts  from 
eight  to  ten  hours,  at  pressures  which  may  vary  from  sixty  to  two 
hundred  and  ten  pounds  per  sq.  in.  The  products  resulting  from 
this  cook  ’’  are  a grayish  brown  pulp  and  a dark  broAvn  liquor, 
AA'hich  are  dumped  into  iron  washing  tanks,  and  after  the  liquor  is 
drained  off,  the  pulp  is  thoroughly  washed.  But  as  these  Avash 
Avaters  are  finally  evaporated  in  order  to  recoA^er  the  contained  soda, 
they  are  used  until  they  become  quite  concentrated,  the  pulp  being 
washed,  continuously  with  a less  concentrated  solution  until  all  the 
alkali  is  removed.  The  pulp  is  noAV  treated  Avith  a bleaching  solu- 
tion, Avhich  contains  twelve  to  fourteen  pounds  of  bleaching  poAvder 
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for  every  hundred  pounds  of  pulp,  and  this  removes  the  remain- 
ing ligneous  matter,  leaving  a pure  white  cellulose. 

The  recovery  of  the  soda  from  the  waste  liquor  is  accomplish- 
ed by  evaporation  in  vacuum  pans  until  it  has  a density  of  40“ 
Baume,  when  it  is  burned  in  a special  furnace  to  remove  the 
organic  matter.  The  remaining  ash  contains  the  soda  in  the  form 
of  a carbonate,  and  when  this  is  heated  in  tanks  with  slaked  lime, 
in  the  proportion  of  one  hundred  of  soda  to  sixty  of  lime,  the  lime 
is  precipitated  as  calcuim  carbonate  and  the  soda  becomes  caustic 
again. 

Another  method  of  recovering  the  soda,  which  has  been  lately 
adopted,  consists  in  heating  three  parts  of  ferric  oxide  Avith  one  of 
soda  carbonate,  Avhen  sodium  ferrate  is  formed.  And  on  heating 
this  Avith  hot  Avater,  it  decomposes  forming  sodium  hydrate  and 
ferric  oxide  once  more.  The  liquors  of  the  alkaline  process,  some- 
times contain  large  quantities  of  the  sulphate  or  carbonate  Avhicli 
are  cheaper  although  weaker  in  action  than  the  hydrate.  In  addi- 
tion to  the  recovery  of  the  soda  from  these  liquors,  a valuable  pro- 
duct in  the  form  of  acetate,  may  be  obtained  from  the  organic 
matter  of  the  solution.  As  perhaps  you  are  aAvare,  one  of  the 
standard  methods  for  the  manufacture  of  oxalic  acid,  is  the  treat- 
ment of  Avood  or  sawdust  Avith  alkaline  hydrates  at  temperatures 
ranging  from  200°  to  250°  C. 

i'^OAv  if  the  heating  is  prolonged  and  oxidation  is  alloAved  to 
take  place,  either  from  contact  Avith  air  or  oxidizing  agents,  a large 
percentage  of  acetic  acid  is  formed.  Therefore  if  the  soda  liquor  is 
eAmporated  and  charred  at  temperatures  from  350°  to  400°  C,  the 
organic  matter  reacts  Avith  the  soda  to  form  sodium  acetate  (Aa 
H4  O2,  3H2  O).  This  product  comprises  about  38  per  cent,  of  the 
soluble  portion  of  the  char,  and  about  16  per  cent,  of  the  residue. 
With  Esparto  liquor  five  to  six  per  cent,  of  the  weight  of  the 
original  fibre  Avas  obfained. 

In  the  soda  process  poplar  is  largely  used,  although  maple, 
cottonwood,  Avhite  birch  and  bassAvood,  are  also  employed.  The 
spruce,  pine  and  hemlock  yield  a long  fibre  but  are  a little  more 
difficult  to  treat.  The  main  objections  to  the  process  are — 

1.  The  high  temperatures  and  pressures  required. 
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2.  The  formation  of  dark  colored  products  which  are  difficult 
to  remove  from  the  pulp. 

3.  The  destructive  action  that  the  alkalis  have  on  the  cellu- 
loses themselves,  as  the  less  resistant  are  attacked  and  dissolved  in 
the  severe  treatment  required  to  remove  the  ligneous  portion. 

The  acid  or  sulphite  process: — 

This  is  the  process  which  is  now  being  most  commonly  intro- 
duced into  this  country,  because  it  has  several  important  advan- 
tages over  the  alkaline  treatments  just  described.  In  the  hrst 
place,  the  cost  in  chemicals  is  less;  and  a larger  yield  of  fibre  is 
obtained,  which  is  not  weakened  by  the  treatment. 

And  secondly,  the  paper,  which  is  made  from  this  pulp,  is 
harder  and  more  transparent  and  durable  than  that  from  wood 
pulps  made  by  other  methods. 

The  treatment  consists  in  digesting  the  wood  at  high  tem- 
peratures with  an  acid  sulphite  solution. 

The  acid  radical  unites  with  the  products  of  hydrolysis  to 
form  soluble  sulphonated  derivativesi,  while  the  base  unites  with 
the  acid  products  of  the  decomposition.  The  hydrolitic  action  is 
greatly  increased  by  the  presence  of  sulphurous  acid,  and  for  this 
reason,  the  bi-sulphite  (N'a  H SO3)  solution  effects  a reduction  in 
less  time,  and  at  lower  temperatures,  than  a neutral  sulphite 
solution  would. 

fSTow,  turning  our  attention  to  some  of  the  details  of  the  treat- 
ment, we  find  that  the  bark  and  knots  and  also  the  resinous 
matters  of  the  wood,  are  very  slightly  acted  upon  by  these  sulphite 
solutions,  and  must  in  consequence  be  carefully  removed.  Sound 
knots  may  be  allowed  to  pass  through  the  digester  and  be  after- 
wards removed  from  the  pulp  by  screens.  Before  very  high  tem- 
T)eratures  are  reached  it  is  necesesary  that  the  wood  be  thoroughly 
impregnated  by  the  solution,  and  the  absorption  is  liastened  by 
previously  crushing  the  wood.  Dry  and  green  woods,  or  woods  of 
different  species,  should  not  be  treated  together  iu  the  same 
(ligester  as  they  will  be  unequally  reduced  and  leave  chips  in  the 
pulp. 

The  first  step  in  the  preparation  of  the  sulphite  liquor  is  the 
formation  of  sulphur  dioxide  (SOo)  from  the  combustion  of  either 
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sulphur  or  its  compounds.  As  this  gas  must  he  absorbed  by  water 
to  form  sulphurous  acid  (H2  SO3),  it  is  evident  that  the  less  it  is 
diluted  with  other  gases  the  more  complete  will  be  its  absorption. 
Therefore  the  sulphur  is  burned  in  specially  constructed  furnaces 
with  the  object  of  obtaining  a complete  combustion  Avith  the 
smallest  possible  draught.  If  the  combustion  of  the  sulphur  is  in- 
complete, a part  of  it  sublimes  and  re-acts  Avith  the  sulphur  dioxide 
to  form  thiosulphuric  acid  (II2  S2  O3)  which  in  turn  forms  thio- 
sulphates. These  Avill  decompose  on  boiling,  and  precipitate  the 
sulphur  into  the  pulp,  which,  being  practically  insoluble,  it  is  im- 
possible to  remoAm.  When  this  sulphur  becomes  oxidized  to 
sulphuric  acid  it  is  very  injurious  to  the  paper  making  machinery 
as  Avell  as  the  pulp. 

When  pyrites  is  used  in  the  production  of  sulphur  dioxide 
more  complicated  burners  are  used,  and  additional  care  is  taken  to 
avoid  OA^erheating,  for  slags  are  easily  formed  Avhich  impede  the 
draught  and  are  difficult  to  remove.  BloAvers  or  exhaust  fans  are 
used  to  improve  the  draught  through  the  furnace,  and  these  cause 
a lot  of  fine  dust  to  be  carried  over  Avith  the  burned  gases-  This 
dust  neA^er  reaches  the  pulp  hoAveA^er,  as  the  gases  pass  directly 
from  the  furnace  into  a dust  chamber  Avhere  it  settles  before  the 
gases  enter  the  cooler. 

From  the  fact  that  one  volume  of  Avater  at  zero  centigrade 
Avill  absorb  sixty-nine  volumes  of  sulphur  inoxide;  and  at  forty 
degrees  Avill  absorb  but  seventeen  Amlumes,  it  is  eAudent  that  the 
temperature  of  both  gases  and  liquor  Avill  be  kept  down  as  much 
as  possible  during  absorption.  In  practice  the  temperature  of  the 
cooler  A^aries  from  ten  to  fifteen  degrees.  The  absorption  apparatus 
are  of  tAvo  kinds,  namely,  that  in  AAdiich  the  gas  is  absorbed  by 
Avater  holding  the  base  in  suspension  or  solution;  and  that  in  Avhich 
the  gas  and  Avater  react  together  upon  lumps  of  the  carbonate  of 
the  base.  The  latter  method,  Avhich  is  the  older  and  simpler,  con- 
sists of  a high  shaft  or  toAver  packed  Avith  limestone  or  dolomite, 
Avhich  is  covered  by  a thin  film  of  Avater  that  enters  from  aboAm. 
The  gases  enter  the  base  of  the  toAver  under  pressure  sufficient  to 
force  them  up  through  the  limestone  and  out  at  the  top.  The 
sulphur  dioxide  meeting  tlie  moist  limestone,  reacts  Avith  it,  form- 
ing at  first  sulphurous  acid  (TI2  SO3),  and  then  calcium  sulphite 


CHEMICAL  WOOD  PULP 


11 


(Ca  SO3),  while  this  insoluble  product  unites  with  more  sulphur 
dioxide  to  form  calcium  bi-sulphite  [Ca  H2  (803)2],  which  bein^- 
soluble  is  washed  out  by  the  descending  water.  The  former  or 
tank  apparatus  is  the  one  generally  used  in  this  country,  and  con- 
sists of  a series  of  tanks  filled  with  water  which  holds  the  carbonate 
in  solution  or  suspension. 

In  this  case  the  chemical  reaction  is  practically  the  same  as 
just  described,  for  as  the  sulphur  dioxide  is  absorbed,  the  insoluble 
calcium  sulphite  is  precipitated,  but  becomes  redissolved  as  it  reacts 
with  more  sulphur  dioxide  to  form  the  bi-sulphite  [Ca  Ho  (SOsjo]. 
In  practice  more  or  less  of  the  insoluble  su.lphate  (Ca  SO4)  is  form- 
ed by  oxidization,  which  is  allowed  to  settle  and  then  the  liquor 
is  drawn  off  and  stored  in  air  tight,  lead  lined  tanks,  until  it  is 
required  for  use. 

The  real  process  of  pulp  making  begins  when  the  chips  and 
liquor  are  brought  together  in  the  digesters,  which  vary  in  size,  and 
may  be  either  upright  or  rotary.  But  the  great  difficulty  in  making 
digesters  for  this  process,  is  to  obtain  a suitable  lining  which  Avill 
protect  the  iron  plate  from  the  corrosive  action  of  the  sulphurous 
acid.  The  usage  in  the  past  has  been  generally  in  favor  of  lead 
linings,  as  they  are  but  slighted  acted  upon  by  the  acid,  and  are 
further  protected  by  the  coating  of  lead  sulphate  which  forms. 
The  objection  to  the  use  of  lead,  to  overcome  which  many  devices 
have  been  tried,  is  the  fact  that  it  has  about  double  the  co-efficient 
of  expansion  of  iron,  so  that  in  alternate  heating  and  cooling,  it 
buckles  and  draws  tO'  such  an  extent  as  tO'  soon  necessitate  repairs. 

Bronze  linings  have  been  used  with  some  success,  and  boiler 
scales  in  the  form  of  sulphite  of  lime  or  silicates  of  iron  and  calcium 
have  worked  very  well. 

But  the  digester  lining  that  takes  the  precedence  and  which 
is  now  being  rapidly  introduced,  is  merely  a layer  of  Portland 
cement  of  abont  four  inches  in  thickness,  and  this  may  be  applied 
to  the  boiler  directly  or  first  made  into  slabs  and  then  fitted  in.  At 
first  it  is  more  or  less  porous,  but  the  interstices  are  soon  filled  by 
a deposit  of  sulphate  and  sulphite  of  lime  which  render  it  quite 
impervious.  The  cheapness  of  the  application  and  repair  of  this 
lining  will  recommend  its  general  adoption. 
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In  a digester  containing  two  cords  of  chips,  about  twenty-five 
hundred  gallons  of  a three  and  one-half  per  cent,  liqnor  is  used. 
The  temperature  is  raised  slowly  until  after  the  wood  has  become 
saturated  with  the  liquor,  and  then  a steam  pressure  of  sixty-five 
to  eighty-five  pounds  is  turned  on,  which  is  equivalent  to  a tem- 
perature of  one  hundred  and  fifty-five  to  one  hundred  and  sixty- 
five  degrees  centigrade.  At  these  high  temperatures  the  bi- 
sulphite is  decomposed  into  sulphurous  acid,  and  the  normal  sul- 
]ihite,  which  being  insoluble  is  deposited  in  the  pipes  or  |)ulp.  The 
sulphurous  acid  gas  forms  a hydrostatic  pressure,  which,  added  to 
that  of  the  steam  for  the  given  temperature,  gives  the  total  prefsure 
in  the  boiler. 

Thus  the  pressure  may  be  considerably  increased,  by  the 
formation  of  this  gas,  without  an  equivalent  rise  in  temperature- 
On  account  of  the  greater  convenience  the  digesters  are  heated  by 
means  of  live  steam,  which,  by  condensing  in  the  pulp,  is  con- 
tinually diluting  the  solution,  but  by  employing  a non-conducting 
jacket  very  little  difficulty  is  experienced  in  practice,  especially 
when  cement  linings  are  used. 

At  the  end  of  the  cook  'the  gas  is  nearly  all  blown  off  and 
tlien  the  pulp  is  blown  out  under  a pressure  of  about  thirty 
pounds.  This  saves  time  in  handling  and  the  trouble  of  beating. 
It  must  now  be  thororighly  washed  to  remove  any  of  the  precipi- 
tated sulphite,  especially  when  bleaching  is  to  follow,  for  the  sul- 
])hite  is  a strong  antichlor  itself,  as  it  takes  up  the  free  oxygen 
formed  by  the  action  of  the  chlorine. 

The  pulp  is  never  a ]3ure,  permanent  white  until  after  the 
ligneous  and  coloring  matters  remaining,  have  been  broken  up 
and  removed  by  the  action  of  a bleaching  agent.  The  true 
bleaching  action  is  purely  an  oxidization,  which  breaks  up  the 
coloring  matters  into  simple  colorless  oxidized  derivatives.  With 
1)1  caching  powder  (Ca  O Ch)  the  chlorine  unites  with  the  hydrogen 
of  the  water  and  this  action  liberates  the  oxygen  which  does  the 
work.  Pure  oxygen,  ozone  or  hydrogen  peroxide,  may  also  be  used 
Avith  equal  effect.  On  the  other  hand  the  bleaching  action  of  sul- 
phurous acid  is  of  a quite  different  character,  for  it  combines  with 
the  coloring  matters  to  form  colorless  compounds,  Avhich  are  easily 
reduced  Avith  a return  of  the  color  when  the  acid  is  neutralized. 
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You  will  naturally  wonder  what  becomes  of  the  waste  liquor 
in  this  process,  and  this  is  one  of  the  problems  that  has  been  left 
for  this  century  to  decide.  In  some  places  the  ^as  is  recovered 
but  the  general  practice  is  to  dump  the  liquors  into  the  nearest 
pond  or  stream  to  get  rid  of  them.  This  not  only  means  a loss  of 
half  the  woody  structure  and  the  gas  in  solution,  but  the  effect  of 
these  liquors  in  fishing  streams  is  remarkable.  The  sulphurous 
acid  being  a reducing  agent,  combines  with  the  free  oxygen  in  the 
water,  and  the  organic  paste  in  the  solution  forms  a coating  over 
the  gills  of  the  fish ; therefore  the  fish  have  left  no  atmosphere  and 
could  not  breath  it  if  they  had.  If  the  waste  liquor  is  evaporated 
the  residue  has  no  fuel  value,  therefore  we  must  look  in  other 
directions  for  methods  of  conversion  into  valuable  bi-products.  All 
that  is  knovm  concerning  the  chemical  composition  of  these  liquors, 
is  that  they  are  sulphonates  containg  the  OCIT3  group.  Future 
research  may  result  in  the  manufacture  of  either  glucose,  alcohol, 
oxalic  or  acetic  acid,  from  this  organic  residue. 

Kesinous  woods  are  not  very  suitable  for  pulp  making,  as 
the  resins  are  insoluble  in  hot  bi-sulphite  solutions,  and  although 
they  are  dissolved  by  the  alkaline  solvents,  every  hundred  parts  of 
resin  will  neutralize  eighteen  parts  of  the  alkali. 

Woods  such  as  chestnut,  which  contain  tannin,  should  not  be 
treated  by  the  sulphite  process,  as  the  tannic  acid  would  act  as  an 
oxidizing  agent,  converting  the  sulphurous  into  sulphuric  acid. 
Spruce  and  poplar  are  used  almost  exclusively  in  the  sulphite 
process. 

If  a compound  cellulose  such  as  wood  is  treated  with  water  at 
a high  temperature,  a hydrolitic  action  takes  place  with  the  partial 
isolation  of  cellulose  and  the  formation  of  soluble  compounds  with 
an  acid  reaction.  All  of  the  commercial  methods  of  isolathig 
cellulose  depend  upon  this  hydrolitic  action.  The  soda  process  is  a 
basic  hydrolysis,  and  the  sulphite  process  is  an  acid  hydrolysis, 
although  the  chemical  reactions  that  actually  take  place  in  the 
cellulose  molecule,  are  yet  but  a matter  of  conjecture.  The 
emperical  composition  of  cellulose  is  the  same  as  starch  (0,.,  Ilao  O5  l 
but  they  differ  remarkably  in  resistance  to  hydrolysis  and  in 
many  other  ways.  This  indicates  a difference  in  the  linkiug  of  the 
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■unit  groups,  and  in  the  reactivites  of  the  OH  groups,  which  in 
cellulose  exercise  a purely  alcoholic  function.  The  investigations 
of  Cross  and  Bevan  indicate  that  the  cellulose  formula  is  Ce  He  O 
(O  H)4,  or  some  multiple  of  this  which  is  in  a more  or  less  hydrated 
condition,  according  as  it  is  more  or  less  resistant  to  hydrolitic 
action.  All  those  celluloses  that  are  eaten  and  digested  by  the 
herhivora  are  extremely  hydrated  forms,  and  they  become  more 
resistant  to  external  agencies  as  the  water  of  hydiTdion  is  removed. 
This  fact  is  well  exemplified  in  the  discriminating  way  that  fodder 
eating  animals  usually  select  their  foods. 


THE  BONDING  OF  BROKEN  STONE  ROADS. 


A.  W.  Campbell,  C.IA 


Before  entering  npon  the  subject  which  I have  hronght  be- 
fore you  today,  in  the  title  of  this  paper,  it  will  he  well  to  reviev/ 
briefly  the  construction  of  a broken  stone  road.  In  general,  the 
first  step  in  the  construction  of  a broken  stone  road  of  modern  de- 
sign is  to  prepare  the  natural  sub-soil,  on  which  the  stone  road 
surface  is  to  rest,  so  as  to  make  of  it  a firm  and  strong  foundation. 
This  treatment  of  the  sub-soil  for  the  most  part,  is  a matter  of 
grading  and  under  drainage,  especially  the  latter.  It  is  the  natural 
soil  which  must  bear  up  the  weight  of  traffic,  and  a wet,  yielding 
foundation  is  not  a suitable  support,  when  bridged  over  vnt\i  any 
form  of  paving  material.  With  the  exception  of  light,  and  partly 
decayed  vegetable  mould,  nearly  all  soils,  when  kept  dry  by  under- 
drainage, are  sufficiently  strong  to  support  the  heaviest  traffic, 
but  when  saturated  with  water,  every  soil  is  weakened.  Natural 
drainage  is  frequently  sufficient,  so  that  artificial  under-drainage, 
usually  of  common  porous  file,  is  not  always  necessary.  The  land 
of  soil,  whether  clay,  gravel,  sand,  loam,  and  the  facilities  and 
need  for  drainage  vdll  indicate  the  means  tO’  be  adapted. 

An  excavation  is  made  to  receive  the  stone;  if  a town  or  city 
street,  curbing  is  placed  along  the  sides;  the  sub-soil  is  thoroughly 
consolidated  with  a roller,  and  upon  this  is  placed  the  stone,  broken 
into  fragments  varying  in  size  from  stone  dust  and  screenings  to 
such  as  will  pass  through  a 2^4  inch  ring.  If  the  traffic  is  great, 
or  if  the  soil  is  of  a kind  particularly  difficult  of  drainage,  as  for 
example  what  is  described  as  an  oily  clay,’’  a Telford  foundation 
is  particularly  useful.  A Telford  foundation  is  composed  of  stones 
of  varying  sizes,  not  exceeding  ten  inches  in  length,  six  inches  in 
breadth  on  the  broadest  side,  nor  four  inches  in  thickness  on  the 
narrow  side.  These  stones  are  placed  lengthwise  across  the  road, 
breaking  joints  as  much  as  possible;  the  interstices  are  filled  with 
stone  chips,  all  projecting  points  are  broken  off,  and  the  wliole 
structure  is  wedged,  consolidated  and  made  as  firm  as  possible.  As 
a cheaper  means,  the  stones  are  commonly  placed  flat  on  the  road. 
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closely  together.  The  surfacing  metal  is  then  placed  on  this 
“pitched’’  foundation,  in  the  usual  way,  usually  to  a depth  of 
at  least  six  inches,  and  for  heavy  traffic  may  have  a depth  of  ten 
or  twelve  inches. 

In  placing  this  broken  stone  in  the  roadway  it  is  spread  in 
layers  of  about  four  inches  in  thickness,  and  a steam  roller  passed 
over  each  layer  to  consolidate  them.  The  road  surface  should 
seiwe  two  ends.  It  should  present  a smooth,  hard  surface  to  traffic ; 
and  it  should  he  impervious  to  moisture,  so  that  rain  falling  upon 
it  will  not  pass  into,  and  soften  the  earth  on  which  it  rests.  That 
is  to  say,  it  should  answer  the  purpose  of  both  a floor  and  a roof. 
These  objects  are  attained  by  making  the  surface  of  the  roadway 
higher  at  the  centre  than  at  the  sides,  sO'  as  to  shed  the  water  to  the 
side  gutters,  and  by  compressing  and  compacting  the  material  of 
which  the  road  is  composed.  This  compressing  of  the  roadbed  is 
usually  performed  either  by  traffic  or  by  means  of  a heavy  roller, 
aided  by  intermixing  with  the  stone,  certain  fine  stuff,  screenings 
(the  cKips  and  stone  dust  created  by  crushing),  sand,  loam,  street 
scrapings  and  even  clay. 

The  use  of  a binding  materal  in  the  construction  of  broken 
stone  roacis,  is  a matter  which  has  been  the  subject  of  much  dis- 
cussion, with  a corresponding  diversity  of  opinion.  The  kind  of 
material,  the  amount,  the  method  of  using,  forms  an  interesting 
chapter  in  the  history  of  road-making,  and  it  is  to  this,  together 
with  the  use  of  a roller,  to  which  the  title  of  this  paper  draws 
attention.  ! I 

The  use  of  the  roller,  and  therefore  the  bonding  of  the  road, 
begins  with  the  earth  sub-soil.  The  roller  used  on  the  natural  soil 
will  serve  two  purposes ; it  will  find  the  weak  spots  in  the  sub-soil ; 
will  consolidate  it,  and  assist  in  providing  a firm  foundation.  Un- 
less the  sub-soil  is  rolled,  uneven  settlement  is  likely  to  take  place 
after  the  road  is  completed,  creating  depressions  in  the  road  sur- 
face, a matter  obviously  to  be  avoided.  By  rolling  it,  on  the  other 
hand,  wherever  there  is  a quantity  of  loose  soil,  created  in  drain- 
age excavation,  in  filling,  or  is  weak  because  of  its  composition,  it 
will  be  forced  down  beyond  the  possibility  of  settlement.  The 
earth  sub-soil  too,  if  given  a crown  similar  to  the  finished  surface 
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of  tlie  road,  and  its  surface  tdorouglily  hardened,  will  have,  itself, 
a tendency  to  assist  in  the  drainage  of  the  road  by  throwing  oh 
such  water  as  may  percolate  through  from  above. 

When  this  is  consolidated,  it  will  form  a hard  and  firm  base, 
upon  which  to  roll  and  consolidate  the  succeeding  layers  of  stone. 
If  the  stone  is  merely  placed  upon  an  unconsolidated  sub-soil,  the 
result  can  readily  be  imagined;  the  stones  are  forced^  by  rolling 
into  the  sub-soil,  and  the  earth  is  worked  up  among  the  stones. 
The  subsequent  rolling  is  less  effective,  and  whatever  beneficial 
drainage  would  result  from  a smooth  sub-soil  surface  is  lost. 

The  sub-soil,  then,  having  been  thoroughly  rolled,  a Telford 
or  other  pitched  foundation,  if  required,  may  be  laid,  and  this 
also  rolled.  Upon  this,  the  broken  stone  is  placed.  It  should  be 
spread  in  layers,  and  each  layer  thoroughly  rolled.  The  thickness 
of  the  layers,  as  spread  over  the  road  for  rolling,  will  vary  in 
accordance  with  many  circumstances,  the  weight  of  roller  used, 
the  size  and  hardness  of  the  broken  stone,  the  ultimate  thickness 
of  the  road  bed,  etc.  Six  inches  loose  should  be  a maxim  thickness, 
while  three  or  four  inches  is  preferable.  Where  the  stone  is 
graded,  as  it  should  be,  into  different  sizes,  each  size  of  stone 
should  be  placed  on  the  road  and  rolled  separately.  As  an  in- 
stance of  what  might  be  done,  take  the  case  of  a layer  of  stone  to  be 
six  inches  in  depth  when  consolidated,  it  would  be  most  practicable 
to  roll  dovm  two  layers  of  four  inches  thickness,  loose,  which,  when 
compacted  will  make  about  the  required  depth.  The  greater  the 
depth  of  loose  material  under  the^  roller,  the'  less  perfect  will  the 
consolidation  be,  and  there  is  the  possibility  of  its  being  crowded 
into  heaps  over  which  the  roller  cannot  pass. 

The  effect  of  the  roller  on  the  stone  mass  is  to  wedge  the 
stones  against  one  another,  interlocking  them,  and  giving  them  a 
mechanical  clasp,  one  of  the  other,  which  is  not  readily  disturbed 
by  traffic.  The  roller  is  now  used  in  preference  to  the  old-time 
method  of  merely  allowing  traffic  to  do  this  work  of  consolidation, 
and  is  absolutely  necessary  tO'  the  best  workmanship.  Without  the 
roller,  the  sub-soil  is  much  disturbed  by  the  pressure  of  narrow 
tires  and  by  horses  hoofs,  before  the  surface  protection  becomes  a 
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protection,  an  effect  inncli  increased  by  wet  weather.  Before  con- 
solidation is  attained  under  traffic,  the  sharp  angles  of  the  stones, 
which  materially  aid  in  procuring  a durable  bond,  will  be  worn 
off.  Without  a roller,  too,  the  stone  cannot,  with  the  best  results, 
be  placed  in  the  roadbed  in  graded  courses,  the  largest  stones  in 
the  bottom  and  the  finest  on  top,  for  traffic  over  the  loose  material 
will  intermix  them,  allowing  the  large  stones  to  work  to  tlie  top. 

The  objection  to  large  stones,  of  say  2^  inches  in  diameter, 
at  the  surface  of  the  road,  is  that  they  do  not  assume  so  firm  a 
bearing,  as  will  smaller  stones;  they  are  more  readily  disturbed  by 
pressure  at  one  corner  or  at  one  side  and  are  apt  to  be  found  roll- 
ing loosely  under  the  wheels,  and  feet  of  the  horses,  nor  do  the 
different  sized  stones,  if  at  the  surface,  wear  evenly,  the  smaller 
wearing  more  quickly  than  the  larger,  so  that  a roughened  surface 
results.  On  the  other  hand,  it  is  urged  that  the  finer  stones  inter- 
mixed with  the  larger,  will  lessen  the  percentage  of  voids  in  the 
mass.  While  this  is  no  doubt  true,  yet  the  presence  of  large  stones 
at  the  surface  becomes  very  objectionable,  and  it  is  probable  that 
the  voids  in  the  mass  may  be  sufficiently  filled  by  other  means. 

Boilers  may  be  operated  by  horses  or  by  steam  power,  llor.'© 
rollers  usually  weigh  four  or  five  tons,  but  may  be  weighted  to'  six 
or  eight  tons.  Steam  rollers  for  broken  stone  roads  weigh  from 
eight  to  twenty  tons.  The  objection  to  a heavy  roller  is  that  it 
cannot  Be  used  in  soft  material,  as  it  bunches  the  earth  or  stone, 
creating  mounds  over  which  the  roller  cannot  pass-  An  exces- 
sively heavy  roller  crushes  the  stone  into  position,  breaks  off  the 
shaiq)  angles,  instead  of  working  the  stones  gradually  into  a wedged 
condition.  The  heaviest  roller,  too,  is  apt  to  injure  gas  and  water 
mains  if  at  shallow  depths,  and  they  strain  bridges,  culverts  and 
crossings.  In  a number  of  English  cities,  London  among  these, 
eight  ton  rollers  are  employed  to  prevent  injury  to  city  gas  mains. 
Very  light  rollers,  however,  do  not  do  the  work  of  consolidation  so 
(quickly  or  perfectly  as  will  one  of  moderate  weight.  Ten,  twelve 
and  fifteen  tons  will  render  the  best  service,  twelve  being  a good 
standard.  Where  under-ground  pipes,  culverts,  etc.,  are  not  a 
consideration,  and  two  rollers  are  obtainable,  a light  roller  for  the 
loose  material,  and  a heavy  roller  to  complete  the  consolidation  will 
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give  the  best  results.  Horse  rollers  are  not  desirable,  as  they  are 
too  light,  and  the  efforts  of  the  horses  to  move  them  disturb  the 
loose  metal  very  much.  This  last  objection  would  not  be  so  great 
if  the  horses  were  always  well-trained,  and  the  drivers  understood 
their  work;  but,  .particularly  in  starting  the  roller,  or  on  grades,  the 
horses  are  not  apt  to  pull  together  and  their  clumsy  efforts  before 
they  get  under  way  do  very  noticeable  injury.  While  even  in 
England,  road  rollers  are  not  in  use  by  all  corporations,  there  re- 
mains no  doubt  as  to  their  being  essential  tO'  the  most  successful 
and  economical  results. 

The  percentage  of  voids  in  loose  crushed  stone  varies 
according  to  the  size  of  the  stone,  and  whether  or  not  the  stone  is 
screened  into  grades  of  equal  size.  The  smaller  the  stones  the 
greater  the  percentage  of  voids,  and  if  graded  the  percentage  of 
voids  is  also  greater  than  where  the  stones  are  of  imecjUftl  diuien- 
sions.  For  various  conditions  the  percentage  of  voids  has  been 
found  by  experiment  to  range  from  41%  to  5"!%.  For  loose  gvad- 
ed  stones  of  2^  inches  diameter,  the  voids  may  be  accepted  as 
about  one-half.  The  effect  of  rolling  is  to  reduce  the  voids  about 
one-half,  leaving  the  per  cent,  of  voids  about  one-third  of  the  con- 
solidated roadbed. 

It  is  evident  that  to  secure  an  impervious  road  covering 
which  will  protect  the  sub-soil  from  moisture,  this  considerable 
percentage  of  voids  must  be  filled.  Hature  abhors  a vacuum,’^  and 
unless  the  right  material  is  used  to  fill  the  vacuum,  the  wrong  ma- 
terial will  be  apt  to  force  its  way  in.  Without  some  material  to 
occupy  the  space,  the  earth  from  below  and  the  dirt  from  above 
will  ultimately  be  forced  and  absorbed  into  it. 

The  materials  commonly  used  for  that  purpose  have  been 
previously  enumerated,  stone  screenings,  sand,  gravel,  clay,  loam, 
and  street  sweepings;  but  of  these  the  two  first  are  those  most 
commonly  employed.  The  manner  of  applying  them  is  in  general 
the  same.  A light  coating  of  the  binding  material  is  s]iread  over 
each  layer  of  broken  stone,  is  sometimes  liarrowed  in,  and  the 
roller  is  then  used. 

The  use  of  these  materials  as  a filler’’  is  neglected  in  the 
name  now  applied  to  them,  binding  materials.”  The  real  reason 
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for  their  use  at  all,  by  most  engineers,  is  that  they  assist  in  pro- 
ducing a quick  consolidation,  less  rolling  being  required  than  when 
they  are  omitted,  of  which  the  use  of  such  materials  as  clay,  loam 
and  street  scrapings  is  in  evidence. 

Of  these  materials  as  a binder  ’’  the  only  one  which  receives 
the  full  approbation  of  the  most  reliable  engineers,  is  screenings — 
the  fine  chips  and  dust  produced  in  crushing.  There  is  a quality 
possessed  by  this  material  which  is  exhibited  by  no  other,  that  of 
cementing  and  re-cementing.  This  is  a matter  which  of  recent 
years  has  attracted  much  attention,  and  the  quality  of  a stone  as  a 
load  material  is  not  to  be  judged  merely  by  its  hardness  and  tough- 
ness; but  also  by  the  cementing  qualities  of  the  dust.  This  dust 
is  an  important  factor,  it  is  supplied  to  the  road  in  the  first  in- 
stance, it  is  constantly  being  created  by  the  use  of  the  road.  It  is 
in  this  way  that  limestone  holds  its  place  as  a good  road  metal,  for 
which  it  is  apt  to  be  soft.  The  dust  possesses  splendid  cementing 
qualities  making  one  of  the  most  impermeable  road  surfaces.  The 
dust  of  trap  rock,  ranks  exceedingly  well  in  this  regard,  which 
supplementing  the  hardness  and  toughness  of  the  stone,  makes  it 
the  most  satisfactory  for  road  purposes.  On  the  other  hand, 
granite,  while  hard  and  tough  is  Tacking  in  cementing  power,  and  is 
not  as  satisfactory  as  might  be  anticipated.  Quartzite  also  is  an 
instance  of  a poor  cementing  stone,  and  sandstone,  unless  bitu- 
minous, is  also  defective  in  this  regard.  So  important  is  this 
quality  considered  by  the  Massachusetts  Highway  Commission, 
that  they  regularly  test  the  stone  used  on  the  State  roads  for  the 
cementing  power  of  the  stone  dust,  together  with  tests  for  absoi*p- 
tion,  impact  and  abrasion. 

The  use  of  foreign  material,  that  is,  all  except  stone  dust,  was 
strongly  condemned  by  Mr.  Me  Adam;  in  Trance,  Avhere  road- 
making is  more  exactly  studied  than  elsewhere,  it  is  universally 
condemned,  and  the  best  practice  of  all  countries  forbids  it.  Clay, 
loam,  and  even  sand,  it  is  recognized,  can  only  be  used  at  the  ex- 
pense of  the  durability  of  the  road.  They  assist  in  producing  an 
apparently  good  roadbed  with  the  least  amount  of  rolling,  but  the 
bond  is  temporary,  very  subject  to  changes  of  weather,  particularly 
wet  weather,  and  alternate  freezing  and  thawing,  matters  which 
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have  to  be  carefully  guarded  a^s^ainst  in  this  climate.  When  foreign 
binders  ’’  are  used,  there  is  lacking  in  the  road  the  firm  mechanical 
inter-locking  which  continued  rolling  will  produce;  they  lack  the 
binding  properties  of  stone  dust;  most  of  them  are  very  ahsorhative 
of  moisture,  are  even  slippery,  so  that  the  stones  are  readily  dis- 
placed by  traffic,  and  a roughened  and  rutted  surface  ensues.  In 
the  time  of  a prolonged  draught,  foreign  binding  materials  are  most 
ready  to  contract,  so  that  there  is  a tendency  for  the  road  to  unravel. 

The  conclusion,  therefore,  which  we  come  to  is,  that  for  bond- 
ing and  inter-locking  a broken  stone  road,  first  dependence  should 
be  placed  upon  the  roller.  For  what  it  will  not  do  in  filling  the 
voids,  the  dust  and  chips  created  in  crushing  the  stone  should  be 
employed,  bringing  with  them  an  added  cementing  value;  foreign 
material,  such  as  sand,  clay  or  loam,  can  be  included  in  the  roadbed 
only  at  the  expense  of  ultimate  durability. 
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Alexander  H.  Smith. 


During  tlie  last  session  of  tlie  Ontario  Legislature,  a Gclieme 
was  evolved  for  tlie  exploration  of  unsurveyed  lands  north  of  the 
Canada  Pacific  Pail  way  line,  for  information  as  regards  the  soil, 
timber,  and  mineral  resources.  For  the  purpose  a sum  of  $40,000 
v/as  voted;  and  during  the  summer  ten  parties  were  organized  to 
do  this  work.  Eight  of  these  were  simply  exploratory  parties,  the 
other  two  ran  base  lines  as  well  as  explored. 

The  exploration  parties  consisted  of,  in  each  case,  a land 
surveyor,  a timber  and  land  estimator,  a geologist,  a cook,  and  men 
to  act  as  guides  and  canoemen.  The  surveyor  controlled  and 
directed  the  work  of  the  whole  party,  he  also  made  a track  survey 
of  the  principal  rivers  and  lakes  in  the  region,  took  notes  on  the 
meteorological  phenomena  and  acquired  information  as  to  the 
soil  and  forest  growth,  the  fish,  fauna  and  flora. 

The  duties  of  the  timber  and  land  estimator  were  to  note  the 
kinds  of  forest  trees  and  their  dimensions,  estimating  their  extent 
and  the  quantity  in  feet  B.  AL  or  in  cords  as  the  case  might  be.  He 
also  had  to  note  how  such  timber  could  be  transported,  and  if  the 
streams  were  capable  of  floating  such  timber.  As  regards  the  land; 
he  had  to  note  the  soil  whether  sandy,  clayey,  etc.,  and  its  capacity 
• for  growing  crops,  and  of  what  kind. 

The  geologist  took  cognizance  of  the  general  topography  of 
the  country,  its  rivers,  lakes,  hills,  and  valleys,  the  rock  formations, 
whether  Laurentian,  Huronian,  or  of  later  age;  mapping  their 
strike  (if  any),  direction  of  contacts,  and  length  and  breadth  of 
formation,  where  such  could  be  made.  Of  necessity  his  chief  work 
was  to  discover  if  the  formations  yielded  any  economic  minerals, 
and  to  determine  the  kind  and  richness  of  such.  Another  branch 
of  his  work  was  to  examine  the  fauna  and  flora  and  the  Indian 
occupation. 
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Tiie  three  officers  of  each  party  were  required  to  keep  careful 
held  notes  as  well  as  diaries,  and  their  Avhole  object  was  to  collect 
as  much  useful  information  as  possible  on  the  country  that  came 
under  their  notice.  The  region  was  so  mapped  out  that  the  whole 
of  it  might  be  examined  in  one  season,  each  party  having  a 
distinct  territory  to  work  in. 

Early  in  June  I was  informed  by  Mr.  Archibald  Blue,  Direc- 
tor of  the  Bureau  of  Mines,  that  I had  been  appointed  Geologist 
to  exploration  party  'No.  8.  This  party  had  the  region  immediately 
to  the  west  of  Lake  hTepigon,  and  the  hlepigon  river  to  Dog  lake, 
up  Gull  river  and  the  country  around  Black  Sturgeon  lake. 
David  Beatty,  O.L.S.,  of  Parry  Sound,  was  in  charge,  while  John 
Piche,  of  Copper  Clih,  was  to  act  as  timber  and  land  estimator. 
Towards  the  end  of  June  our  party  met  at  Collingwood  and  pro- 
ceeded to  Port  Arthur  by  boat  thence  east  to  hlepigon  Station  on 
the  C.P.P.,  where  we  started  our  work.  During  the  greater 
part  of  the  season  our  party  consisted  only  of  eight  men,  two  of 
them  being  University  of  Toronto  men  who  were  anxious  to  see 
this  grand  country  and  try  their  prentice  hands — and  heads— -at 
the  noble  arts  of  paddling,  and  totting  ’’  supplies  across  rough 
trails  and  portages. 

Our  outfit  consisted  of  four  canoes,  two  Peterboroughs  and 
two  small  barks;  four  tents  and  two  tons  of  provisions,  the  esti- 
mate that  was  made  in  regard  to  the  latter,  being  a pound  and  a 
half  each  of  flour  and  pork  a man  per  day.  Of  course  other  sup- 
plies were  taken,  such  as  sugar,  raisins,  rice,  etc.,  this  amount  of 
provisions  was  calculated  to  last  us  about  five  months;  only  half  the 
supplies  were  taken  up  to  Lake  ISTepigon,  where  we  started  our 
work,  the  other  half  being  stored  at  Uepigon  Station. 

Owing  to  a hitch  in  the  forwarding  of  our  supplies  to  Uepigon 
Station,  our  party  was  unable  to  proceed  up  the  river  for  a number 
of  days,  so  I acceptedT  the  kind  invitation  of  Mr.  AUalter  Beatty, 
M.P.P.,  to  accompany  him  on  a trip  to  the  east  side  of  Lake 
Uepigon  to  look  at  some  mineral  deposits  he  had  seen  there  years 
before.  By  this  I escaped  the  disagreeable  wait  at  Uepigon.  Mr. 
Beatty  also  arranged  to  send  me  across  Lake  Uepigon  so  that  I 
could  join  my  party  at  Gull  river. 
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On  the  way  np  the  river,  we  were  fortunate  enough  to  catch 
a number  of  the  large  speckled  trout  that  make  this  region  the 
most  wonderful  trout  fishing  place  in  the  world. 

Mr.  Beatty  was  rewarded  in  his  search  hy  finding  a large 
deposit  of  hematite,  which  I measured  in  a number  of  places  and 
found  to  he  over  a hundred  feet  wide.  The  iron  is  handed  with 
jasper  and  appears  to  be  wholly  in  the  Huronian  formation,  the 
lead  running  for  a number  of  miles  east  and  west.  Since  Mr. 
Beattyh  discovery,  there  has  been  a regular  stampede  of  local  men 
into  the  region  and  numerous  claims  have  been  taken  up,  and 
other  ranges  parallel  to  it  discovered.  While  on  the  east  side  of 
Lake  hTepigon  I saw  what  is  known  as  the  Shuniah  silver  mine, 
near  Poplar  Lodge.  This  deposit  appears  to  be  a green  quartzite, 
containing  native  silver  and  galena.  During  my  stay  on  the  east 
shore  I managed  to  get  about  sixty  miles  inland,  and  was  thus 
able  to  see  that  the  country  was  well  wooded  with  good  spruce. 

I should  not  be  at  all  surprised  if  valuable  mines  are  opened 
up  in  this  region  when  means  for  transportation  are  found.  I be- 
lieve there  is  a charter  for  an  electric  railway  into  this  country, 
the  power  for  operating  it  to  be  procured  from  the  hiepigon  river. 
The  Sturgeon  river,  the  largest  fiowing  into  Lake  iN^epigon,  is 
quite  close  to  the  iron  range,  and  is  capable  of  producing  a large 
amount  of  power  when  required. 

Leaving  Poplar  Lodge,  IT.  B.  Co.  post,  on  the  east  side,  and 
after  an  all  day  and  night’s  trip  with  two  Indians  across  Lake 
Xepigon  I reached  Hepigon  House,  the  Hudson’s  Bay’s  chief  post 
on  this  lake.  This  trip  shows  how  large  a lake  this  is,  as  the  In- 
dians kept  steadily  at  work,  only  resting  now  and  again  to  eat. 
The  lake  in  fact  is  about  80  miles  long  by  fifty  broad;  the  water  is 
beautifully  clear  and  very  deep,  and  simply  teems  with  speckled 
and  lake  trout,  white  fish,  pickerel,  pike  and  sturgeon.  Prom 
Hepigon  House  another  half  day’s  trip  brought  me  to  Gull  river, 
where  I joined  my  party. 

Our  method  of  exploring  was  this;  the  surveyor  jjiade  a track 
survey  of  all  watercourses  taken ; this  he  did  with  a prismatic  com- 
pass and  a Bochon  micrometer,  generally  using  a ten  link  target. 
The  disks — wliich  were  celluloid — were  one  foot  in  diameter,  one 
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red  and  the  other  white.  For  short  distances  a small  disk  was 
attached  to  the  centre  of  the  pole,  thus  giving  a five  link  base; 
for  very  short  distances  one  disk  itself  answered.  With  this  target, 
distances  of  a mile  could  be  estimated  with  considerable  accuracy, 
and  a traverse  of  a lake  or  river  could  be  made  very  rapidly,  often 
seven  or  eight  miles  of  crooked  river  being  surveyed  in  one  day. 
The  track  survey  Avas  checked  by  faking  frequent  observations  for 
latitude  and  also  for  magnetic  variations,  in  this  way  a fairly  accu- 
rate map  of  the  country  could  be  obtained.  This  work  generally 
employed  five  men,  tAvo  for  the  disk  canoe  and  two  for  the  sur- 
veyor, supplies  were  moved  in  the  canoes  used  for  the  traverse. 

The  timber  estimator  and  myself  made  numerous  explorations 
to  the  right  and  left  of  the  track  survey  at  distances  of  about  five 
miles  apart,  walking  inland  five  or  six  miles  and  very  often  remain- 
ing away  from  the  camp  all  night.  In  these  explorations  our 
method  was  to  take  a straight  compass  line  and  time  ourselves;  we 
estimated  that  our  progTcss  was  one  mile  an  hour  in  a straight  line ; 
a good  day^s  work  being  ten  or  twelve  miles:  now  and  again  we 
used  to  take  our  blankets  and  provisions  and  walk  inland  all  day, 
camping  for  the  night,  and  returning  the  next  day.  In  this  Avay  a 
good  idea  of  the  country  on  each  side  of  the  water  route  Avas 
obtained. 

Any  side  water  route  that  we  had  not  time  to  survey  would 
be  explored  by  either  the  timber  estimator  or  myself,  taking  for 
this  purpose  an  Indian  as  guide.  Distances  Avere  estimated  either 
by  eye,  or  timing,  and  compass  readings  taken,  outlines  of  lakes 
and  rivers  being  carefully  mapped  in  the  field  book.  For  the  pur- 
pose of  these  explorations  our  party  was  supplied  with  a Kay 
Tafirail  log,  an  instrument  very  much  like  a trolling  spoon  in 
shape,  tied  to  a long  line.  This  spoon  while  revolving  set  in  mo- 
tion a register  vdiich  registered  the  miles  travelled.  Unfortunately 
the  first  day  I used  it,  a large  pike  mistook  it  for  something  good 
to  eat  and  proceeded  fo  bend  the  flanges  of  the  spoon,  and  as  the 
gauge  for  straightening  them  had  not  been:  sent,  the  instrument 
was  practically  useless.  Another  draAvback  to  the  instrument  Avas 
the  indicator,  which  refused  to  Avork  after  registering  ten  miles. 

These  canoe  explorations  sometimes  led  us  long  distances  in- 
land, taking  three  or  four  days,  and  often  a Aveek,  to  com- 
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plete;  and  it  was  often  very  difficult  to  calculate  the  exact  amount 
of  provisions  to  carry  with  one.  Of  course  every  unnecessaiy 
thing  was  left  behind,  and  only  the  absolute  necessities  taken.  Un- 
fortunately I was  unable  to  speak  Indian  very  well,  so  wlien  I 
left  the  main  party  I had  to  take  two  Indians,  as  I found  out  that 
with  only  one  I was  always  in  danger  of  having  to  turn  back,  as 
he  would  get  very  lonely  and  be  afraid  to  venture  farther  inland, 
with  two  Indians  they  would  keep  each  other  company,  and  as  long 
as  they  had  enough  to  eat  they  seemed  quite  happy. 

Tlie  equipment  for  three  men  on  one  of  these  explorations, 
constisted  of  pork,  flour  and  tea,  three  tea  tins,  a pail,  frying  pan, 
blankets,  and  a canvas  tarpaulin  for  a tent.  All  through  the  sum- 
mer we  never  used  a tent  except  wdien  with  the  main  party;  the 
bulkiest  part  of  our  equipment  would  be,  of  course,  our  blankets. 
We  generally  depended  on  shooting  enough  partridge  and  ducks  to 
help  out  the  other  provisions,  and  with  these  additions  we  were 
always  able  to  cut  down  our  supply  of  pork  and  flour.  Some  sur- 
prisingly accurate  work  was  done  with  only  estimated  distances; 
three  explorations  I made  between  two  fixed  points  showed  an  error 
of  only  a couple  of  miles  when  the  exploration  was  plotted, 
although  the  distance  travelled  was  very  long,  in  one  case  about 
ninety  miles.  Two  common  errors  can  exist,  first  an  inaccurate 
compass  reading;  and  second  a wrong  estimation  of  the  distance,  but 
I found  out  that  these  errors  had  a happy  faculty  of  compensating 
each  other.  In  this  work  all  portages  were  paced,  allowing  about 
twenty-five  paces  to  the  chain.  It  must  not  be  thought  that  these 
side  explorations  were  in  any  way  correct,  but  they  will  be  of  some 
^^alue  to  the  furtlier  opening  up  of  this  country,  as  they  will  show 
fairly  accurately  a large  number  of  canoe  routes,  the  number  and 
length  of  portages,  and  the  general  direction  taken  by  the  route. 

Much  valuable  information  was  thus  procured  as  regards  tim- 
ber, land,  and  the  geological  formations. 

In  calculating  the  amount  of  timber  in  the  region  explored, 
the  method  the  timber  estimator  used  was  to  pace  ofi  an  average 
acre,  estimate  the  average  diameter  of  the  trees  and  counting  them, 
this  was  rather  a tedious  process,  but  then  a fairly  accurate  deter- 
mination of  the  timber  in  the  region  was  procured.  The  number 
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of  eacli  variety  of  tree  was  noted,  and  tlieir  snitability  for  eitlier 
lumber,  pulp  wood  or  railroad  ties.  The  timber  consisted  of 
spruce,  jack  pine,  poplar,  white  birch,  tamarac,  balsam,  and  occa- 
sional scattered  groves  of  red  and  white  pine  and  white  cedar. 

The  character  of  the  soil  was  noted  by  the  exposures  seen 
under  the  roots  of  freshly  fallen  trees,  or  by  the  exposures  along 
the  banks  of  small  streams. 

The  areas  and  depths  of  any  peat  deposits  Avere  noted,  an  idea 
of  the  depth  being  obtained  by  means  of  a pole. 

Outside  the  general  Avork  of  exploring  and  mapping  out  tlie 
country,  the  geologist  Avas  required  to  get  a general  idea  of  the 
topography  of  the  region,  the  main  and  subsidiary  Avater  sheds, 
the  heights  of  mountains  and  hills,  Avhich  he  estimated  by  means 
of  an  aneroid,  two  of  Avhich  were  carried  by  the  party. 

Tour  series  of  rocks  were  met  with  in  the  region  explored  by 
party  'No.  8.  The  Laurentian,  Huronian,  KeAveenaAvan  and  Ani- 
mikie.  Roughly  mapping  these,  the  Laurentian  area,  Avhich  was 
gneiss  as  a rule,  is  around  Dog  lake.  KeweenaAvan  formation 
immediately  to  the  west  of  Lake  Repigon  and  Aepigon  river,  the 
Aniinikie  along  ITepigon  bay  and  west  along  Lake  Superior,  Avhile 
numerous  areas  of  Huronian  rocks  were  noted  at  the  headwaters  of 
the  Gull  rAer.  The  rocks  of  this  latter  series  being  schists  and 
porphyroids. 

I)r.  Robert  Bell  of  the  Canadian  Geological  Suiwey  calls  the 
KeAveenawan  series  of  rocks  the  Hepigon  series.  This  formation 
consists  of  the  folloAving  rocks  in  ascending  order,  Avhit©  grits,  red 
and  Avhite  sandstones,  Avith  conglomerate  beds,  the  pebbles  being 
mostly  jasper  in  a sandy  matrix  of  different  colors;  compact  ar 
gillaceous  limestones,  shales,  sandstones,  and  red  indurated  marls, 
red  aud  Avhite  sandstones  and  red  and  white  conglomerates,  inter- 
stratified  Avith  diabase  layers.  These  are  coA^ered  by  an  enormous 
amount  of  trappean  oA^erflow  croAvning  the  formation,  this  overffoAV 
gives  a singularly  wild  and  Aveird  aspect  to  the  country;  high,  flat- 
topped  hills  or  ridges,  rising  with  sheer  cliffs  along  the  shores  of 
Lake  fSTepigon  and  inland,  making  a strikingly  odd  landscape. 

The  rocks  of  the  Aniinikie  (which  by  the  Avay  means  thunder, 
named  after  Thunder  Bay  district),  are  represented  by  (1) 
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greenisli  arenacesous  conglomerates  witli  pebbles  of  quartz,  jasper 
and  slate;  (2)  tbinly  bedded  churts,  mostly  of  a dark  colour  with 
argillaceous  and  dolomitic  beds;  (3)  black  and  gray  shales,  wilh 
sandstone  and  ferruginous  dolomitic  bands,  together  with  layers 
and  intrusive  masses  of  diabase. 

I have  named  and  classified  these  rocks  rather  fully,  as  they 
are  of  much  importance  in  this  district  owing  to  the  economic 
minerals  associated  with  them. 

Every  one  has  heard  of  the  Silver  Islet  mine  near  Thunder 
Cape.  This  mine  is  in  the  Animikie,  together  with  a great  many 
other  mines  that  have  been  worked  with  considerable  profit. 

By  far  the  greatest  region  I explored  is  covered  with  the 
Keweenawan  series,  but  it  is  not  so  extensive  as  is  shown  on  the 
geological  maps  of  that  region.  And  it  is  encroached  on  by  the 
Laurentian  from  the  west  and  also  by  a considerable  area  of  Lauren- 
tian  gneisses  around  Black  Sturgeon  lake.  This  formation  yields 
lead,  iron  and  copper.  It  is  to  the  iron  that  I wish  to  refer  more 
particularly.  Two  iron  deposits  were  found  in  the  Keweenawan 
region,  one  on  the  east  side  of  Black  Sturgeon  lake,  and  another 
to  the  north-east  of  Dog  lake.  These  deposits  are  large  and  con- 
sist of  very  good  hematite.  Undoubtedly  with  further  prospecting 
more  iron  will  be  found.  The  iron  appears  close  to  the  contact 
between  the  Laurentian  and  Keweenawan  formations.  Kumerous 
lead  and  copper  deposits  have  been  found  in  this  series  of  rocks, 
and  as  there  is  an  extensive  area  of  them  in  the  district  I explored, 
I am  sure  that  new  and  valuable  finds  will  be  made  when  the 
country  is  opened  up. 

Evidently  the  ITuronian  areas  travelled  over  are  not  barren, 
as  I picked  up  a piece  of  pyrrhotite  in  this  region  that  assayed 
0.75%  nickel  and  a trace  of  copper  and  silver. 

Large  deposits  of  beautiful  marble  are  reported  to  be  in  the 
interior  of  this  region,  and  samples  have  been  brought  out  but  I 
was  unable  to  see  them.  Some  of  the  sandstones  and  impure  dolo- 
mites would  make  splendid  building  stone,  while  the  whole  world 
could  be  supplied  with  the  very  best  road  material  in  the  shape  of 
the  tough  fine  grained  traps  that  are  found.  A very  peculiar  thing 
in  this  fonnation  is  the  occurrence  of  brine  springs,  which  are 
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found  in  numerous  places,  the  salt  can  be  seen  in  the  bottom  of 
them  in  the  shape  of  white  grains.  In  former  years  the  Indians 
used  to  get  their  supply  of  salt  from  these  springs. 

The  chief  question  is  what  will  this  country  be  good  for.  I 
do  not  believe  that  more  than  twenty-five  per  cent,  of  the  land  is 
fit  for  cultivation,  as  the  soil  is  too  sandy  and  rocky,  but  there  are 
patches  of  splendid  land  that  could  be  cultivated.  Good  root  crops 
could  be  grown  and  the  hardy  kinds  of  grain.  The  other  seventy- 
five  per  cent,  is  taken  up  by  lakes,  rocky  hills  and  muskeg,  the 
latter  affording  a large  amount  of  first  class  peat. 

With  the  exception  of  a few  patches  of  burn  the  whole 
country  is  covered  with  a healthy  growth  of  timber.  This  district  I 
believe  was  once  a large  white  pinery  but  has  been  burnt  over  and 
replaced  by  other  mixed  conifers  as  the  jack  pine,  spruce  and  balsam; 
evidences  of  this  are  to  be  seen  all  over  the  country  in  large  scatter- 
ed pine  on  the  remains  of  dead  ones.  Unless  nurseries  are  started 
as  proposed  by  the  forestry  commission  this  country  will  never 
be  a white  pine  country.  As  regards  the  spruce  there  is  a tremen- 
dous quantity  and  this  will  be  a great  asset  to  the  country;  when 
we  consider  that  a cord  of  wood  manufactured  into  cheap  news- 
paper may  be  valued  at  $40,  but  would  only  be  worth  $7  sawed 
into  lumber;'’  also  the  manufacturing  of  wood  pulp  and  the  sawing 
of  lumber  could  be  carried  on  in  this  district  economically,  owing 
to  the  water  power  to  be  found  close  at  hand,  providing  that  rail- 
way communication  could  be  got.  As  regards  the  other  timber, 
large  tamarac  is  to  be  found  in  the  district,  this,  next  to  rock  elm 
and  oak,  makes  the  best  boat  building  material.  Unfortunately 
wooden  boats  are  no  longer  built,  but  for  piles  and  railroad  ties  and 
lumber  this  timber  should  be  very  valuable.  Undoubtedly  the  jack 
pine  will  find  a place  as  a ’marketable  tree  some  day.  At  present 
it  is  represented  as  the  most  worthless  tree  we  have  got.  Never- 
theless it  does  make  good  pulp  and  railroad  ties.  So  we  are  forced 
to  look  on  this  wood  as  of  some  value.  Taking  the  district  as  a 
whole  the  timber  represents  the  most  valuable  asset.  At  present, 
near  the  Canada  Pacific  Pailroad,  numerous  pulp  wood  camps  are 
operating,  employing  over  six  hundred  men,  the  pulp  wood  being 
shipped  to  the  United  States  and  Canadian  manufactories. 
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Wliat  Lake  Xepigoii  and  the  ^^epigoii  river  is  chiefly  noted 
for  is  its  wonderful  speckled  trout  fishine;;  people  travel  for  miles 
tO‘  enjoy  a couple  of  weeks  fishing  on  this  beautiful  river,  xlincri- 
cans  are  forced  to  pay  about  $25  license  for  the  privilege  of  fishirg, 
while  people  in  Ontario  pay  $5.  During  the  summer  months  this 
river  swarms  with  disciples  of  Isaac  Walton,  and  the  Indians  derive 
a considerable  income  by  acting  as  guides  and  canoemen. 

As  the  pulp  wood  industry  develops  care  should  he  taken 
that  the  fish  in  this  river  are  protected  and  not  killed  out  by  the 
debris  and  rubbish  which  follows  the  using  of  a river  for  driving 
purposes  and  has  caused  so  much  harm  to  other  rivers  where’  fish 
were  to  be  found.  The  protection  of  the  fish  in  this  lake  and  river 
should  not  be  treated  lightly,  and  strong  efforts  should  be  made 
to  keep  it  clear  and  free  from  any  filth  that  is  likely  to  kill  the  fish. 
A larger  income  can  be  derived  from  selling  licenses. 

I have  mentioned  the  prospects  for  mining  development  in  this 
country,  nothing  definite  can  he  said  till  further  exploration  is 
carried  out. 

Another  asset  to  the  country  is  the  fur  trade.  At  present  the 
Hudson  Bay  Company  with  a few  rival  companies  control  the 
whole  output.  This  region  at  one  time  Avas  very  rich  in  fur-bearing 
animals,  but  they  are  getting  fewer  in  number  and  the  trade  is 
nothing  as  compared  to  tAventy  years  ago.  The  caribou,  moose  and 
black  bear  are  to  be  found,  but  are  not  plentiful.  All  the  common 
animals  are  found,  such  as  the  beaver,  mink,  otter,  etc. 

The  rivers  in  the  district  are  rapid  as  a rule,  Avith  many  falls, 
and  as  a number  of  them  have  a considerable  volume  and 
steadiness  of  flow,  no  great  difficulty  Avould  be  found  in  finding 
numerous  places  Avhere  power  plants  conld  be  installed. 

I have  spent  four  summers  in  other  parts  of  'New  Ontario, 
and  have  tried  to  observe  carefully  any  natural  resources  that  may 
come  under  my  notice.  Although  T have  seen  better  districts  along* 
the  height  of  land  farther  east  than  this  region,  as  regards  timber, 
soil  and  game,  yet  taking  it  as  a AAdiole,  I believe  this  country  Avill 
prove  of  great  A^alue,  not  perhaps  as  a farming  country,  but  rather 
as  a lumbering,  mining  and  game  country.  It  aaIII  ncA^er  be  thickly 
populated,  but  still  men  Avill  he  able  to  derwe  wealth,  if  not 
great  fortunes,  by  the  deA^elopment  of  its  natural  resources. 


RATIO  OF  THE  CYLINDERS  OF  A COMPOUND  ENGINE  AND 
WHAT  TAKES  PLACE  IN  THEM. 


By  Wm.  Hemphill,  Grad.  S.P.S. 


In  taking  up  tli©  subject  of  tlie  compound  engine  or  a steam 
engine  of  any  kind,  some  authorities  consider  that  practically 
everything  is  known  about  the  engine,  but  I will  endeavour  to 
show  that  we  have  something  to  learn  and  prove  about  the  expan- 
sion of  steam  and  the  ratio  of  the  volumes  of  the  h.  p.  and  1.  p. 
cylinders. 

I will  assume  I have  a compound  engine  before  me  all  ready 
running,  and  I will  first  explain  what  takes  place  when  the  steam 
enters  the  cylinder  and  follow  it  throughout  the  stroke.  For  this 
I will  not  assume  any  given  ratio  betweeii  the  volumes  of  the  h. 
and  1.  p.  cylinders,  but  that  expansion  takes  place  in  each  cylinder. 
For  uniform  action  it  would  be  better  to  have  the  engine  running 
a short  time,  all  parts  being  thus  warmed  up,  so  that  cold  metal  will 
not  interfere  with  any  suppositions. 

When  the  steam  enters  the  h.  p.  cylinder  from  the  steam 
chest  it  is  at  a certain  pressure  and  the  corresponding  temperatoe ; 
it  may  also  be  considered  satimated.  Just  as  the  valve  opens  to 
allow  the  first  portion  of  the  steam  to  enter  the  h.  p.  cylinder,  the 
cylinder  and  the  piston  are  at  a lower  temperature  than  the  enter- 
ing steam,  so  some  of  the  steam  is  immediately  condensed,  and 
this  continues  until  the  cylinder  becomes  the  temperature  of  the 
entering  steam,  i.e.,  the  portion  of  the  cylinder  between  the  piston 
and  the  end  of  the  cylinder  that  is  open  to  the  live  steam.  The 
piston  is  pushed  forward  to  the  point  of  cut-off  and  now  the  steam 
commences  to  expand  and  continues  expanding  until  the  point  of 
release  is  reached.  During  this  expansion  the  pressure  of  the  steam 
decreases,  consequently  its  temperature  lowers;  hut  the  steam 
contained  a certain  amount  of  heat  when  it  entered  tlie  cylinder, 
so  if  we  had  a perfect  engine  from  which  no  heat  could  enter  or 
escape,  the  heat  liberated  by  the  fall  of  temperature  caused  by 
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lower  pressure,  would  be  taken  up  in  tbe  steam  wbicb  would  be 
superbeated  during'  expansion,  and  the  steam  that  was  condensed 
at  the  first  part  of  the  stroke  would  be  evaporated  again,  but  as 
we  have  not  an  ideal  engine  to  work  with,  we  do  not  get  such  per- 
fect results.  The  heat  that  is  liberated  by  the  fall  of  temperature 
is  partly  used  in  heating  the  cylinder  walls  as  the  piston  moves  out, 
exposing  new  portions  of  the  walls  to  the  steam,  some  of  which 
heat  may  be  used  in  re-evaporating  the  water  caused  by  initial  con- 
densation. In  fact  this  seems  to  be  reasonable,  for  in  working  out 
tests  we  find  as  a rule  a little  more  steam  in  the  cylinder  at  release 
than  at  cut-oft'.  How  release  occurs  and  the  steam  is  exhausted 
into  a receiver  or  the  1.  p.  steam  chest.  During  exhaust  the  steam 


is  superheated  owing  to  the  large  quantity  of  heat  that  is  liberated 
by  the  drop  in  pressure.  Then  the  1.  p.  cylinder  takes  the  steam 
from  the  receiver  and  it  is  still  further  expanded  until  release 
occurs  and  the  steam  is  exhausted  into  the  condenser  or  air, 
according  as  the  engine  is  condensing  or  non-condensing.  How 
with  this  rough  idea  of  w^hat  takes  place  during  the  stroke,  I will 
follow  it  out  more  particularly. 

By  following  a method  known  as  Hirn’s  Analysis  we  can 
determine  the  work  done  in  thermal  units  for  different  parts  of  the 
stroke.  In  Big.  1 the  portions  of  the  stroke  are  indicated  by  the 
subscript  letters,  thus  a for  admission,  b for  expansion,  c for  ex- 
haust, d for  compression.  Then — 

Ya  = volume  in  cu.  ft.  described  by  piston  during  admission. 
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Vb  = volume  in  cu.  ft.  described  by  pistou  during  expansion. 

Yc  = volume  in  cu.  ft.  described  by  piston  during  exhaust. 

Yd  = volume  in  cu.  ft.  described  by  piston  during  compres- 
sion. 

Yo  = volume  in  cu.  ft.  of  clearance  space. 

Y = whole  volume  displaced  by  piston. 

Let  the  work  done  in  thermal  units  by  the  steam  during  the 
several  portions  of  the  stroke  be  represented  by  T with  its  appro- 
priate subscript,  thus — 

Ta  = work  done  during  admission  = area  ep’mke  in  B.  T.  U. 

Tb  = work  done  during  expansion  = area  Kmnsk  in  B.  T.  U. 

Tc  = work  done  during  exhaust  = area  h g p s h.in  B.  T.  U. 

Td  — work  done  (Juring  compression  = area  e f g h e in  B. 

T.  U. 

Ta  + Tb  = absolute  Avork  done  by  steam  — area  ep’muse. 

(Ta  + Tb) — (Tc  + Ta)  = net  area  of  indicator  diagram. 

The  quantities  of  heat  in  thermal  units  exchanged  between 
the  steam  and  the  metal  are  represented  by  areas  Ba,  Bb,  Be, 
Bd,  the  areas  being  draAAUi  to  the  same  scale  as  the  Avork  diagram. 

Ba  = heat  exchanged  betAveen  metal  and  steam  during  adm.'^ 

Bb  = heat  exchanged  between  metal  and  steam  during  exp.” 

Be  = heat  exchanged  between  metal  and  steam  during  exh.^ 

Bd  = heat  exchanged  between  metal  and  steam  during  comp.” 

E = heat  lost  by  external  radiation. 

Q = the  quantity  of  heat  supplied  to  cylinder  per  stroke  by 
admission  steam. 

= the  quantity  of  heat  supplied  from  jacket. 

Q.  + Q^=  total  heat  supplied. 

Let  M lbs.  = weight  of  AA^et  steam  admitted  per  stroke,  of 
Avhich  Mx  is  dry  steam,  and  If  (1 — x)  is  weight  of  water  present 
in  steam.  Let  also  the  weight  of  steam  retained  in  the  clearance 
space  each  stroke  = Mg.  (The  actual  weight  of  this  steam  may 
be  measured  knoAving  the  pressure  g at  beginning  of  compression.) 
Then  the  heat  Q required  to  raise  M lbs.  of  Avater  from  32°  E.  to 
its  temperature  of  admission,  and  to  evaporate  the  portion  Mx  is 
Q = M(h  xL)  [h  is  sensible  heat  L = latent  heat  of  steam]. 
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For  superlieated  steain  heated  from  normal  temperature  tn 
of  saturated  steam  to  temperature  ts — Q = M [h  + L + .48  (ts  — 
tn)]- 

The  internal  heat  of  the  steam  in  clearance  space  at  com- 
mencement of  compression,  assuming  the  steam  dry=Mg  (hg+lg). 

Where  Mg,  hg,  Ig  represent  weight,  sensible  heat,  and  inter- 
nal heat  at  pressure  and  volume  at  point  g on  the  diagram  Fig.  1. 

The  internal  heat  at  cut-otl  = (M  + Mg)  (hm  + ^m  pui)* 
where  ^m  = dry  steam  fraction  on  the  diagram. 

The  internal  heat  at  end  of  expansion — 

= (M  -|-  Mg)  (hn  + ^n  pui ) 
and  similarly  for  the  other  points  of  the  cycle. 

FTow  to  find  the  heat  Ra.  The  heat  supplied  is  Q,  the  heat 
in  the  cylinder  at  admission  is — 

Mf  (hf  + xf  pf ) 

the  work  done  is  Ta;  and  the  heat  remaining  in  the  steam  at  cut- 
off is  (M  + Mg)  (hm  + xm  pm).  Then — 

Q + Mf  (hf  + xf  pf  Ta  + Ea  + (M  + Mg)  (hm  + xm  pm), 
from  this  can  find  Ra  as  all  other  quantities  known. 

To  find  Rh.  The  heat  in  the  steam  at  the  end  of  expansion 
is  (M  + Mg)  (hn  + xn  pn);  the  exteneral  work  is  Tb,  the  heat 
present  at  beginning  of  expansion  is  (M  + Mg)  (hm  fi-  xm  pm), 
then — 

(M  + Mg)  (hm  + xm  pm)  = TB  -f  Rb  + (M  -f  Mg) 

(hn-fxnPn). 

from  which  Rb  may  be  determined. 

To  find  Rc.  The  heat  in  the  steam  at  end  of  expansion  is 
(M  + Mg)  (hn  + xnpn);  the  work  done  upon  the  steam  during 
exhaust  is  Tc;  the  heat  in  the  steam  at  beginning  of  compression, 
assuming  the  steam  at  compression  dry:  is  Mg  + xg  pg).  ' 

To  determine  the  heat  rejected  to  the  condenser  must  be  done 
by  a test  of  the  engine,  and  weighing  the  steam  condensed'  in  a 
given  time,  and  dividing  this  weight  by  the  number  of  strokes 
made  by  the  engine  in  that  time.  This. will  give  the  Aveight  of 
steam  M exhausted  per  stroke.  Then  M lbs.  of  steam  become 
water  at  temperature  t.  The  heat  in  this  condensed  steam  is  now 
Mht.  The  heat  carried  away  by  the  condensing  water  equals  the 
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weight  of  condensing  water  W per  stroke  multiplied  by  its  increase 
of  temperature  in  passing  tlirougb  the  condenser  = W (ti — 12). 
Then : — 

(M  + Mg)  (hn  + xn  pn)  + Tc  = Rc  + Mht  + W 
(ti  — ta)  + Mg  (hg  + xg  Pg  . 
from  which  Rc  may  be  obtained. 

To  find  the  heat  Rd.  The  internal  heat  in  the  steam  at  be- 
ginning of  compression  is  Mg  (hg -f- xg  pg).  Then  work  is  done 
upon  it  = Td  during  compression ; and  the  internal  heat  of  the 
steam  at  end  of ^ compression  is  Mf  (hf  -|-  xt’  pi';  tlien — 

Mg  (lig  -1-  xg  pg)  -f  Td  = Mf  (hf  -f  xi  pi')  + Rd. 
from  which  Rd  may  be  found.  This  applies  to  one  cylinder,  by 
taking  the  other  indicator  card  this  may  be  applied  to  the  l-p. 
cylinder. 


Me  are  now  in  a position  to  follow  the  diagram  of  Rigs.  2 
and  3,  and  follow  the  action  in  the  cylinder  on  other  lines  than 
heat  units. 

To  do  this  it  will  b©  more  satisfactory  to  assume  some  definite 
proportions,  let  the  ratios  of  the  cylinders  be  1:2;  the  cut-ofi  in 
the  l.p.  cylinder  to  be  constant  at  .5  of  stroke  and  to  enclose 
a volume  at  cut-off  equal  to  the  volume  of  the  li.p.  cylinder.  Then 
tlie  distribution  of  power  between  tlie  cylinders  may  be  shown  by 
Fig.  2,  in  which  I assumed  hyperbolic  expansion.  In  practice  this 
diagram  would  be  subject  to  a number  of  changes,  but  it  illustrates 
in.  a very  satisfactoiy  way  various  results  in  a compound  engine. 
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Take  cut-off  at  .25  of  the  stroke  in  the  h.p.  cylinder  and  at 
an  initial  pressure  p,  shown  on  Fig.  2,  the  steam  expands  along 
a h until  it  reaches  the  pressure  ps  = PiX  .25  neglecting  clearance 
(this  is  also  the  pressure  in  the  receiver).  The  work  diagram 
of  the  h.p.  cylinder  equals  area  pi  abps,  and  of  the  l.p.  cylinder 
the  area  ps  hefo,  point  h being  the  cut-off  in  the  l.p.  cylinder. 

Suppose  now  we  make  the  cut-off  in  the  h.  p.  cylinder  at 
.5  of  stroke,  then  nearly  twice  the  weight  of  steam  is  supplied 
per  stroke,  and  the  steam  at  release  is  at  a higher  pressure  than 
when  cut-off  occurred  earlier.  Call  tliis  pressure  p2  as  shown  on 
Fig.  2,  and  the  pressure  of  the  receiver,  pa,  is  the  back  pressure 
6n  the  h.p.  piston  and  the  forward  pressure  on  the  l.p.  piston  to 
the  point  of  cut-off  at  n now,  and  the  work  diagram  is  now  given 
by  the  areas  pi  gnps  and  p^  nhfo  by  the  small  and  large  cylinders 
respectively.  A glance  at  fig.  2 shows  the  difference  in  the  work 
by  changing  the  point  of  cut-off  in  the  h.p.  cylinder;  it  shows  a 
marked  increase  in  work  for  the  l.p.  piston,  while  the  h.p.  work 
is  practically  the  same. 

Thus  we  find  to  increase  the  power  of  the  engine  we  have 
to  increase  the  per  cent,  of  cut-off,  but  the  larger  share  of  the’ 
increased  power  comes  from  the  1 p.  cylinder;  while  with  early 
cut-off  and  low  power  the  larger  share  of  the  work  comes  from 
the  h.p.  cylinder.  And  as  this  power  can  be  decreased  to  a mini- 
mum, the  power  of  the  l.p.  cylinder  may  be  reduced  to  zero. 

l^ow  consider  the  effect  of  throttling  the  steam  supply  with 
the  same  ratio  of  cylinders,  and  cut-off  fixed  in  both  cases  at  .5  of 
stroke  without  “ drop.’’  The  initial  pressure  was  pi  before  and  let 
it  be  throttled  to  p2  = ipi.  Then  in  fig.  2,  the  distribution  of 
work  is  seen  as  area  p2  sbps  for  the  h.p.  cylinder  and  ps  befo  for 
the  l.p.  cylinder.  This  shows  the  work  area  for  the  l.p.  cylinder 
the  same  for  steam  throttled  as  with  high  pressure,  with  cut-off  at 
.25  of  stroke,  but  the  work  area  in  the  h.p.  cylinder  is  much  less, 
when  the  steam  is  throttled,  giving  a less  satisfactory  distribution 
of  power  between  the  cylinders  for  throttling  than  having  cut-off 
earlier.  It  shows  that  theoretically,  throttling  to  a pressure  p2  is 
/ess  economical  than  changing  the  cut-off  from  .5  to  .25  with  con- 
slant  initial  pressure,  for  in  both  cases  the  same  weight  of  steam 
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is  exliausted  per  stroke,  i.e.,  tlie  l.p.  cylinder  volume  at  pressure 
f e,  though,  with  throttling  the  useful  work  area  is  reduced  by  the 
area  pi  asps.  This  theoretical  gain  would  not  all  be  realized  in 
the  actual  case  owing  to  cylinder  condensation  with  an  early  cut- 
off. 

Another  way  of  remedying  the  unequal  distribution  of  power 
between  the  cylinders  is  by  having  a variable  cut-off  in  the  l.p. 
cylinder.  Let  us  take  the  cylinder  ratios  1:4  and  cut-off  in  each 
cylinder  at  half  stroke,  and  let  pi  bcdps  fig.  3,  be  the  work  area 
of  the  h.p.  and  pg  efga  the  work  area  for  the  l.p.  cylinder.  N^ow 
change  the  cut-off  in  the  l.p.  from  .5  to  -25  of  the  stroke;  then 
the  work  areas  will  be  changed,  the  h.p.  being  pi  bcpa  and  the 
l.p.,  p2  cfga.  Conversely  if  the  cut-off  in  the  l.p.  be  made  later 
then  the  work  area  in  the  h.p.  will  be  increased,  and  decreased  in 
the  l.p.  cylinder. 

In  the  above  methods  the  effect  of  the  receiver  between  the 
cylinders  was  not  taken  intO'  account.  In  the  majority  of  com- 
pound engines  a receiver  is  placed  between  the  cylinders  to  re- 
ceive the  exhaust  steam  from  the  h.p.  cylinder  and  to  give  it  to 
the  l.p,  cylinder.  This  receiver  often  takes  the  form  of  a pipe 
and  the  valve  chest.  (The  above  has  reference  to  a cross-com- 
pound engine.) 

How  if  this  area  were  indefinitely  large,  the  back  pressure 
line  of  the  h.p.  and  the  forward  pressure  of  the  l.p.  cylinder, 
would  be  each  a horizontal  straight  line.  In  practice  the  receiver 
volume  is  from  1^  to  several  times  the  volume  of  the  h.p.  cylinder. 
The  eff  ect  of  the  restricted  volume  of  the  receiver  is  to  make  the 
back  pressure  line  of  the  high  and  the  admission  line  of  tlie  low- 
pressure  diagram  irre:gular. 

The  receiver  volume  is  made  as  small  as  possible  to  aA'oid 
radiation  of  heat,  but  space  is  an  important  factor  to  consider 
in  the  size  of  the  receiver.  The  effect  of  a small  receiver  is  to 
increase  the  small  cylinder’s  back  pressure  and  to  increase  the 
initial  pressure  of  the  large  cylinder.  Sometimes  an  increase  in 
pressure  occurs  in  the  l.p.  cylinder  towards  the  point  of  cut-off, 
which  is  caused  by  the  h.p.  cylinder’s  exhaust  passing  into  the 
receiver  before  cut-off  has  taken  place  in  the  low. 
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Ill  designing  an  engine  it  is  nsnal  to  get  tlie  diameter  of  tlie 
l.p.  cylinder  first,  and  then  the  diameter  of  the  h.p.  cylinder  de- 
pends on  a number  of  conditions,  but  the  main  object  is  to  have 
the  power  evenly  divided  between  the  two'  cylinders.  After  look- 
ing through  a number  of  catalogues,  I find  the  ratio  of  the  volumes 
of  the  cylinders  range  from  1:21,  1:3,  and  1:4,  rarely  higher,  or 
the  diameter  of  the  l.p.  cylinder  is  twice  that  of  the  h.p.  cylinder 
minus  two.  Aearly  all  the  manufacturers  cling  to  this  idea  of 
ratios,  which  later  on  I will  endeavor  to  show  is  an  error  in  the 
point  of  economy  in  the  engine. 


Let  us  now  construct  a diagram  which  will  show  the  piston 
displacement  in  a compound-engine.  To  do  this  it  is  necessary 
to  assume  ratios  of  cylinders,  clearance  and  receiver  volumes  for 
a given  compound-engine.  By  this  diagram  it  will  be  possible 
to  follow  the  steam  through  the  engine,  and  it  illustrates  the 
changes  of  volume  and  pressure  between  the  points  of  entering  and 
leaving  the  cylinder. 

In  fig.  4,  horizontal  lines  are  lines  of  volume,  and  vertical 
lines  are  divided  into  portions  of  a revolution.  Then  let  aO  = 
volume  of  h.p.  clearance  (Ch);  05  = volume  of  h.p.  piston  dis- 
placement (Vr);  ab  = volume  of  receiver  (B);  b5^  = volume  of 


RATIO  OF  THE  CYLINDERS  OF  A COMPOUND  ENGINE. 


39 


l.p.  clearance  (Cl);  and  5 'O ' = volume  of  l.p.  piston  displace- 
ment (VI). 

On  the  lines  05  and  0'5'  draw  semicircles  representing  half  a 
revolution  of  the  crank-pin  and  divide  it  into  any  number  of 
equal  parts,  say  five.  On  the  vertical  line  to  the  left  of  fig.  4, 
set  off  ten  equal  parts  representing  parts  of  a revolution.  The 
diagram  shown  is  for  one  and  a half  revolutions.  The  cranks  are 
assumed  at  right  angles,  when  the  h.p.  piston  is  at  beginning  of 
stroke  O and  the  l.p.  piston  is  at  centre  of  stroke  K.  Through 
the  points  on  the  vertical  line  numbered  1,  2,  3,  etc.,  draw  hori- 
zontal lines,  let  these  intersect  the  vertical  lines  drawn  through 
the  numbers  on  the  semicircle,  the  intersection  of  these  lines  for 
the  corresponding  number  gives  a point  on  the  curve  of  piston 
displacement.’^  Obtain  a number  of  these  points  for  both  cylinders 
and  the  curves  can  be  sw^ept  in  as  shown.  The  difierent  grades 
of  hatching  show  the  volhmes  in  the  cylinder  as  admission  to  h.p. 
cylinder,  expansion  in  h.p.  cylinder,  etc.  It  is  easily  seen  from 
the  figure  all  these  points  and  also  the  connection  between  the  two 
cylinders.  The  h.p.  clearance  Oa  is  first  filled  with  steam  at 
initial  pressure,  and  the  steam  is  continued  to  the  point  of  cut- 
off at  half  stroke,  and  volume  in  cylinder  = de.  The  steam  is 
then  expanded  to  nearly  the  end  of  the  stroke,  when  the  exhaust 
port  opens,  and  at  f the  steam  passes  into  the  receiver.  ISTow  the 
exhaust  side  of  the  h.p.  cylinder  and  the  receiver  are  in  communi- 
cation, as  showm,  until  the  l.p.  steam  port  opens  at  h.  Here 
the  volume  of  the  steam  = gh.  At  m the  h.p.  exhaust  port  is 
closed,  and  compression  begins.  At  the  point  r in  the  l.p.  piston 
cut-off  takes  place  and  the  steam  expands  to  volume  st.  This  dia- 
gram can  be  applied  to  the  indicator  diagrams  of  compound  engines 
as  sho^vn  fig.  5. 

This  figure  shows  the  piston  displacement  curves  for  cranks 
at  right  angles,  the  theoretical  indicator  diagram  of  the  h.p,  cylin- 
der being  drawn  below  the  h.p.  piston  curve,  and  the  l.p.  indicator 
diagram  below  the  l.p.  curve.  The  initial  pressure  is  kno^vn,  and 
is  set  up  from  the  zero  line  of  pressure.  In  the  diagram  cut-off 
occurs  at  .4  of  stroke  in  the  h.p.  cylinder,  and  as  the  initial  pv 
is  known,  all  other  points  in  the  cycle  may  be  determined,  assum- 
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ing  hyperbolic  expansion.  In  the  following  equations  the  sub- 
scripts refer  to  the  figures  on  the  portions  of  the  diagram  represent- 
ing the  theoretical  indicator  diagram.  Thus  Y3  = volume  of 
steam  at  point  3,  measured  from  beginning  of  stroke,  i.e.,  from 
vertical  line  Oa  and  to  the  left  in  the  h.p.  diagram,  and  from 
vertical  line  through  B and  to  the  right  in  the  l.p.  diagram. 
When  the  exhaust  side  of  the  h.p.  cylinder  is  in  communication 
with  the  l.p.  cylinder,  then  the  volume  including  that  of  the 
receiver,  is  given  by  the  horizontal  intercept  between  the  lines  of 
piston  displacement. 

Bor  this  diagram  it  may  be  assumed  that  pv  = a constant, 
then : — 

■ ' ' Pi  (yi  + Ch)  = pio  + Cl), 

from  which  the  terminal  pressure  is  obtained,  and  the  point  of 
cut-off  in  the  l.p.  cylinder  being  known,  then — 

P9  (Vg  + Cl)  = Pio  (Vio  + Cl), 

from  which  pg  or  the  pressure  at  cut-off  in  the  l.p.  cylinder,  and 
therefore  the  pressure  in  the  receiver  at  that  time  is  known. 

Then  the  pressures  at  all  other  points  may  be  obtained  by  the 
following  equations: — 

Referring  to  the  theoretical  diagrams  in  the  lower  part  of 
fig.  0,  then  for  the  h.p.  cylinder 

Pi  (yi  + Ch)  = P2  (V2  + Ch). 

At  point  2 the  steam  exhausts  and  mixes  with  that  in  the 
receiver,  which  is  at  some  pressure  pg  previously  calculated. 

P2  (y2  + Ch)  -f-  pg  R = Pa  (Va  -f  Ch  + R). 

But  during  the  return  of  the  h.p.  piston,  so  long  as  the  l.p. 
cylinder  is  not  open  to  receive  steam,  the  volume  enclosed  is  for 
the  moment  reduced,  hence  the  pressure  rises  to  p4  until  the  l.p. 
valve  opens  the  port  to  steam,  when  the  pressure  instantly  falls 
to  p5,  then — 

Pa  (Ya  + Ch  + R)  = p4  (V4  + Ch  -f  R). 

When  the  l.p.  valve  opens  to  steam,  the  receiver  steam  mixes 
with  that  in  the  clearance  space  of  the  l.p.  cylinder;  thus — 

P4  (V4  + Ch  + R)  + P42  Cl  ==  p5  (v,  + Ch  + R + Cl). 

This  action  continues,  and  meanwhile  the  l.p.  piston  is  mov- 
ing forAvard  and  increases  the  displacement,  causing  the  pressure 
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to  fall  to  pe,  when  the  h.p.  exhaust  valve  closes,  and  compression 
begins  in  the  h.p.  cylinder;  then — 

Ps  (Vg  + Oh  + *K  + Cl)  = Pe  (ve  + Oh  + E + Cl  + Vs), 
where  Vg  is  the  volume  displaced  by  the  l.p.  piston  from  the  be- 
ginning of  its  stroke,  and  which  volnme  may  be  measured  by  the 
horizontal  intercepted  between  the  lines  of  piston  displacement, 
as  shown  by  the  dotted  projectors.  The  back  pressure  pn  in  the 
l.p.  cylinder  is  fixed — 

(Pl2  Cl)  = Pii  (Vi3  + Cl). 

The  same  principles  may  be  further  extended  to  represent 
changes  in  any  number  of  cylinders  taking  two  at  a time.  In  fig. 
5 the  h.p.  diagram  is  shown  dotted  over  the  l.p.  diagram  to  show 
more  clearly  the  relation  between  them. 

In  what  I have  said  so  far  on  the  compound-engine  it  was  not 
necessary  to  take  into  account  the  ratios  of  the  volume  of  the 
h.  and  l.p.  cylinder;  all  the  assumptions  that  were  mad©  were 
very  limited,  as  J only  wanted  to  show  what  took  place  in  the 
cylinders,  to  follow  the  steam  through  the  stroke,  illustrating  it 
by  diagrams,  and  also  how  the  work  was  divided  up,  giving  the 
latter  in  heat  units  as  well  as  work  units.  It  is  now  my  intention 
of  dealing  with  the  ratios  of  the  volumes  of  the  cylinders,  and 
endeavor  to  show  that  it  is  an  error  in  assuming  that  everything 
is  now  authoritatively  settled  about  the  design  of  the  steam  engine 
which  seems  to  be  the  prevailing  idea  in  the  minds  of  those  who 
write  text-books  on  thermodynamics  and  heat  engines,  although 
in  a general  way  this  idea  may  be  accepted  as  true,  for  the  steam 
engine  of  James  Watt  considered  as  an  automatic  mechanism  was 
not  different  in  any  essential  particular  to  what  we  have  to-day. 
The  fact  of  cylinder  condensation  was  known  then  although  not 
understood  to  the  extent  that  it  is  to-day. 

A great  many  compound  corliss  and  marine  engines  have  been 
built  in  the  last  twenty  or  thirty  years,  but  only  in  the  last  eight 
or  ten  years  has  anything  been  known  experimentally  of  the  most 
economical  volumes  of  cylinder  ratios.  We  see,  as  I mentioned 
before,  that  in  Europe  and  America  the  ratios  run  from  1:4.  The 
reason  of  this  is  the  fact  that  an  engine  so  proportioned  avoids 
more  than  a very  slight  drop  ’’  in  pressure  from  that  at  the  end 
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of  expansion  in  tlie  smaller  cylinder  to  the  pressure  at  cut-off 
in  the  large  cylinder,  with  reasonable  ratios  of  expansion  in  each. 
When  drop  occurs  it  is  because  free  expansion  takes  place, 
caused  by  the  sudden  enlargement  of  the  volume  of  the  steam 
without  doing  work  against  a piston.  As  this  drop  ’’  is  not  rever- 
sible in  the  idea  of  a cycle  it  is  considered  loss.  Since  the  time 
of  Watt’s  invention  the  steam  pressure  has  been  increasing,  but 
no  change  has  been  made  in  the  ratios  of  the  cylinders.  So  far  as 
I can  learn  Carl  Busley,  Professor  at  the  German  Imperial  Aca- 
demy at  Kiel,  is  the  only  authority  who  would  change  the  ratios 
of  the  cylinders  in  compound  engines  for  different  steam  pres- 
sures. He  gives  the  following  ratios: — 

Pounds  per  sq.  in.  60  90  105  120 

Patio  1:3  1:4  1:4.5  1:5 

Professor  Ewing  is  very  positive  in  his  statement  that  care 
should  be  taken  not  to  allow  free  expansion  into  the  receiver  as 
drop  ” occurs  which  would  be  shown  on  an  indicator  diagram  by 
a sudden  fall  at  the  end  of  the  h.p.  expansion.  All  these  state- 
ments about  drop  ” being  wasteful  were  assumed,  no  one  taking 
the  trouble  to  perform  experiments  to  prove  the  supposition.  It  is 
true  that  drop  ” is  wasteful,  but  I think  the  effect  of  allowing 
this  drop  ” can  be  utilized  to  make  drop  ” a gain  in  the  end. 
The  “ drop  ” I refer  to  must  not  be  mistaken  for  the  drop  caused 
by  sudden  radiation  or  condensation,  but  that  resulting  from  inter- 
mediate expansion,  although  it  looks  as  if  authorities  put  the  two 
together  under  the  same  head.  In  D.  K.  Clark’s  Pules,  the  fol- 
lowing discussion  occurs  on  the  influence  of  “ drop.” 

That  the  work  of  expanding  steam  is  to  be  calculated  from 
the  expansion  upon  a moving  piston  only  is  obvious  enough  when 
it  is  considered  that  the  steam  may  expand  into  an  intermediate 
receiver,  and  into  intermediate  passages,  without  doing  any  work 
on  a piston,  whilst  at  the  same  time  the  pressure  falls  or  drops 
as  the  volume  is  enlarged.  Under  these  circumstances  the  second 
cylinder  receives  the  steam  at  a lower  pressure  and  in  larger  volume 
than  it  has  when  there  is  no  intermediate  expausion  and  fall  of 
pressure,  and  there  is  less  work  done,  whilst  tlie  ratio  of  active 
expansion  is  necessarily  reduced.  If  the  second  cylinder,  however. 
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be  enlarged  in  cajDacitj  in  proportion  to  tbe  enlargement  of  tbe 
volume  of  steam  and  the  fall  of  the  pressure  by  intermediate 
expansion,  the  ratio  of  expansion  and  the  work  done  in  it  would 
remain  the  sained’  These  quotations  considered  by  themselves 
would  commit  Clark  to  the  common  belief  that  drop  ” produced 
by  intermediate  expansion  causes  a serious  waste.  He  goes  a little 
farther  in  the  right  direction  than  others  have  done,  however, 
in  the  suggestion  that  the  waste  occasioned  by  drop  ” may  be 
balanced  by  enlarging  the  second  cylinder ; but  he  does  not,  in  this 
immediate  connection,  draw  attention  to  the  fact  that  the  loss  in 
pressure  of  the  receiver  steam,  due  to  the  practice  of  taking  more 
steam  by  volume  from  the  receiver  than  it  gets  from  the  h.p. 
cylinder  is  accompanied  by  an  increase  of  work  in  the  h.p. 
cylinder.  By  this  the  back  pressure  in  this  cylinder  is  reduced 
and  at  the  same  time  the  initial  pressure  in  the  l.p.  cylinder. 
Therefore  the  loss  occasioned  by  receiver  expansion  is  much  less 
than  Clark  implies  in  his  quotation,  and  if  high  boiler  pressures 
are  used  with  a moderate  amount  of  drop  ” this  loss,  even  from  a 
thermodynamical  point  of  view  is  quite  insignificant.  Let  us  now 
consider  the  causes  of  drop  ” and  the  advantages  that  accom- 
pany its  moderate  use. 

There  are  two  causes  of  ^^drop.”  The  first  is  intermediate 
expansion.  When  more  steam  by  volume  leaves  the  receiver  than 
is  put  into  it  per  stroke  (assuming  no  steam  made  or  condensed 
in  the  receiver),  the  receiver  pressure  must  be  less  than  the  pres- 
sure in  the  h.p.  cylinder  at  release.  The  other  cause  of  drop  ” is 
cylinder  condensation  and  clearance  in  the  l.p.  cylinder.  If  a 
receiver  compound  engine  had  neither  clearance  or  condensation 
in  the  l.p.  cylinder,  there  might  still  be  any  amount  of  drop  ” 
if  the  cut-ofi;  on  that  cylinder  were  lengthened  enough.  Again, 
if  the  cut-off  were  adjusted  just  right  to  prevent  any  drop  ” in 
such  an  engine,  and  the  cylinder  had  the  usual  amount  of  clear- 
ance and  condensation,  a drop  ” of  from  12  to  15  pounds  might 
result.  Even  this  could  be  prevented  by  making  the  cut-off  earlier 
in  the  stroke.  Therefore  it  is  seen  that  cut-off  may  be  a cause  or 
a coiTective  of  drop.”  But  the  point  of  cut-off  is  dependent  on 
considerations  other  than  its  effect  on  drop.  It  would  be  desirable 
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to  have  the  cut-off  occur  late  in  the  stroke  were  it  not  for  the  loss 
of  excessive  free  expansion,  as  this  would  reduce  the  ran^e  of  tem- 
perature of  the  l.p.  cylinder  walls,  and  would,  therefore,  reduce 
the  loss  from  initial  condensation  in  this  cylinder. 

It  is  easily  seen  from  the  foregoing  that  unless  the  best  point 
of  cut-off,  chosen  with  reference  to  the  'v.aste  by  initial  condensa- 
tion happens  to  coincide  with  that  particular  point  at  which  drop 
would  be  entirely  prevented,  a compromise  must  be  made  between 
the  gain  by  lengthening  cut-off  and  the  loss  by  free  expansion. 
This  does  not  have  to  be  done  in  cylinder  ratios  of  1:3,  but  it  is 
necessary  for  larger  ratios  as  1:6  or  1:7.  If  “drop’’  is  accom- 
panied by  a reduction  of  initial  condensation  in  the  large  cylinder, 
in  amount  sufficient  to  overbalance  the  waste  of  power  by  inter- 
mediate expansion,  it  is  at  least,  no  detriment  to  the  coal  con- 
sumption to  allow  that  much  “ drop.”  This  “ drop  ” is  considered 
very  useful  in  plants  driving  a varied  load,  as  it  allows  a widely 
variable  cut-off  in  the  second  cylinder  Avithout  either  looping  at 
the  end  of  expansion  in  the  first  cylinder  or  materially  changing 
the  receiver  pressure. 

After  dealing  at  some  length  with  intermediate  expansion  it 
would  be  Avell  to  consider  some  of  the  genera]  theory  of  the  com- 
pound engine.  We  will  assume  the  proposition  that  the  highest 
economy  to  be  obtained  in  an  engine  of  any  type  is  the  result  of 
two  conditions — using  a volume  of  steam  at  the  highest  possible 
pressure  and  expanding  it  the  greatest  number  of  times.  But  we 
find  both  the  pressure  and  expansions  are  limited  by  practical 
circumstances;  the  pressure  by  the  increase  in  cost  of  boilers  and 
piping,  Avhile  the  ratio  of  expansion,  by  the  increase  in  waste  due 
to  cylinder  condensation,  friction  and  repairs.  All  the  authorities 
appear  to  agTee  that  there  is  a minimum  number  of  expansions 
allowable  in  each  cylinder.  This  number  is  betAveen  four  and 
five.  But  in  an  engine  with  cylinder  ratio  1:3,  practically  no 
“ drop  ” Avill  occur,  and  custom  has  limited  the  number  of  expan- 
sions for  such  an  engine  to  12  or  possibly  15.  A steam  pressure 
of  115  pounds  for  such  an  engine  giATs  the  best  result  as  to  econ- 
omy. A higher  pressure  Avould  enable  the  engine  to  do  more 
Avork,  but  the  number  of  expansions  remaining  the  same  the  steam 
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consumption  would  not  be  affected.  ISTow  if  liiglier  pressures  are 
going  to  be  used  with  tbe  idea  of  improving  tliei  economy,  it  would 
be  necessary  to  add  another  cylinder  so  that  increased  expansion 
could  take  place.  The  average  pressure  for  triple  expansion  en- 
gines is  from  150  to  160,  and  even  higher;  but  with  the  usual 
ratio  of  cylinders — 1:2.75  :6.5 — the  number  of  expansions  in  each 
cylinder  would  be  much  less  than  that  given  above.  The  reason 
of  this  is  that  150  pounds  pressure  is  not  enough  to  permit  the 
larger  number  without  developing  too  little  pressure  at  release 
in  the  l.p.  cylinder. 

I7ow  in  the  triple  expansion  engine  we  have  increased  the 
engines  from  two  to  three,  as  a compound  engine  really  consists 
of  two  engines,  each  requiring  the  same  number  of  parts  and  the 
same  equipment  all  through.  To  this  we  have  added  the  third 
which  will  increase  the  cost  of  the  engine,  an  important  item  in  the 
majority  of  cases.  The  volume  of  steam  in  the  h.p.  cylinder  is 
expanded  from  that  volume  to  the  volume  of  the  l.p.  cylinder  ; it  is 
not  done  direct  but  through  the  intermediate  cylinder,  but  amounts 
to  the  same  thing  in  the  end.  ISTow  for  mill  engines  and  all 
stationary  plants  I think  that  this  increased  expansion  could  take 
place  in  the  two  cylinders  instead  of  three.  In  fact  I find  for 
stationary  work  the  compound  engine  is  preferred  to  the  triple 
expansion  engine.  How  I think  if  the  ratio  of  the  cylinders  in 
the  compound  engine  were  increased  to  1:7  or  1:8,  and  perhaps 
even  greater  for  mill  work,  or  any  stationary  work,  the  economy 
in  fuel  would  be  nearly  if  not  quite  equal  to  the  triple  expansion 
engine.  The  only  way  to  prove  this  is  to  perform  a number  of 
tests  on  each  kind  of  engine,  i.e.,  the  triple  expansion  and  a com- 
pound engine  of  different  cylinder  ratios,  some  large  and  some 
small.  I do  not  say  that  the  compound  engine,  with  large  ratios, 
will  prove  the  more  economical  with  regard  to  fuel  and  water 
supply,  but  if  the  pressures  in  each  case  are,  say  180,  it  will  hold 
a very  high  place. 

I will  now  give  a few  results  of  some  tests  with  regard  to 
fuel  and  water,  that  have  l>een  obtained  by  conipetent  men  on 
compound  engines  using  the  ordinai^y  ratio  of  the  volume  of  cylin- 
ders. One  of  the  large  ratio  I have  considered  above,  also  a triple 
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expansion  engine.  The  results  will  speak  for  themselves,  and  I 
think  the  large  ratio  for  compound  engines  will  soon  he  taken  up 
more  favorably,  and  will  take  the  place  entirely  of  the  triple  ex- 
pansion engine,  although  I think,  in  marine  work,  the  triple  expan- 
sion engine  should  be  retained,  if  only  for  mechanical  reasons. 
So  far  as  I can  learn  I think  there  have  been  only  a few  of  these 
engines  made  with  the  large  ratio  for  the  cylinders.  These  wore 
made  by  the  American  Wheelock  Engine  Company,  and  all  but 
two  surpassed  the  makers  guarantee  for  fuel  and  water  supply. 
Test  1. 

Kind  of  engine — Cross-compound  Wheelock  engine,  made  by 
Goldie  &:  McCulloch,  Galt,  Ont. 

liatios  of  cylinder,  volumes  1:3.4. 

Steam  pressure,  lbs.  82.5. 

1.  H.  P.  239. 

Coal  per  I.  IT.  P.  hr.  1.9. 

Water  per  I.  H.  P.  per  hr.  17.2  lbs. 

Test  2. 

Kind  of  engine — Tandem-compound,  four  valve  type,  made 
by  Pussel  Engine  Co.,  Massillon. 

Patios  of  cylinder  volumes  1:4.3. 

Steam  pressure  160  lbs. 

I.  H.  P.  each  engine  300. 

Coal  per  I.  H.  P.  per  hr.  2.55  lbs. 

Water  per  I.  H.  P.  per  hr.  15  lbs. 

Test  3. 

Kind  of  engine — Cross-compound,  made  by  American  Wheel- 
ock Engine  Co. 

Patios  of  cylinder  volumes  1:7.2. 

Steam  pressure  140  lbs. 

Cut-oh  h.p.,  .287  of  stroke;  l.p.,  .236  of  stroke. 

T.  IT.  P.  650. 

Coal  per  I.  IT.  P.  per  hr.  1.18  lbs. 

Water  per  I.  H.  P.  per  hr.  11.89  lbs. 

Test  4. 

Kind  of  engine^ — Allis  triple  expansion  pumping  engine, 
i Patios  of  cylinder  volumes  1 :2s  :4E 

Steam  pressure  185  lbs. 
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1.  H.  R 750. 

Coal  per  I.  H.  P.  per  hr.  1.02  lbs. 
Water  per  I.  H.  P.  per  hr.  10.48  lbs. 


Fig.  6 is  a copy  of  some  indicator  cards  taken  from  the  engine 
while  Test  3 was  going  on.  The  cards  are  very  good  and  there 
is  nothing  to  indicate  in  the  l.p.  cards  that  the  increased  volume 
is  detrimental. 
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C.  G.  Carmichael,  ’01. 

While  comparisons  between  the  meter  and  contract  systems 
are  no  longer  necessary,  the  choice  of  a meter  is  an  important  con- 
sideration: Shall  it  be  an  ampere  meter  registering  the  current,  or 
a wattmeter  registering  the  energy?  To  answer  this  let  us  ex- 
amine effects  of  voltage  on  a 16  candle  power,  3.1  watt  incan- 
descent lamp.  A variation  in  voltage  of  3%  from  normal  is 
quite  common,  but  the  2%  variation  given  in  Table  1,  is  quite 
sufficient  for  our  purpose. 

Table  1. — ^Effects  of  voltage  on  a 16  C.  P.,  3.1  watt  incan- 
descent lamp.  Normal  voltage  100. 


Volts. 

Candle  p’w’r 

Watts  per 
Candle 

Amperes 

Total  Watts 

98 

14-40 

3-33 

0-485 

47-5 

99 

15-20 

3-21 

0-492 

48-8 

100 

16-00 

3 10 

0-496 

49-6 

101 

16-96 

3 00 

0-504 

50-8 

102 

17-92 

2-91 

0-512 

52  2 

Suppose  the  Electric  Light  Co.  is  able  to  dispose  of  its  power 
at  the  low  rate  of  10  cents  per  kilowatt  hour.  Erom  Table  1,  we 
see  that  a 16  0.  P.,  3.1  watt  lamp  at  normal  voltage  takes  0.496 
amperes.  Since  an  ampere  meter  is  calibrated  from  an  indicating 
wattmeter,  the  voltage  being  kept  constant  at  normal  for  this  case 
a rate  of  10  cents  per  K.  W.  H.  is  same  as  1 cent  per  ampere  hour. 
Also  here  a rate  of  10  cents  per  K.  W.  H.  is  same  as  0.031  cents 
per  candle  power  hour. 

We  can  now  deduce  the  following  table  of  charges  per  lamp 
hour,  according  to  above  three  methods. 

4 
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Table  2. — Charge  per  lamp  hour. 


Voltage 

Charge  per  lamp 
hour  at  10  cents 
per  K W.  H. 

Charge  per  lamp 
hour  at  Ic  per 
ampere  hour. 

Charge  per  lamp 
hour  at  0-031c. 
per  candle  pow’r 
hour. 

98 

0-4751C 

0-485C 

0-4464C 

99 

0-4880 

0-492 

0-4712 

100 

0-4960 

0-496 

0-4960 

101 

0 5088 

0-504 

0-5258 

102 

0-6220 

0-512 

0-5555 

It  can  thus  be  seen  that  when  voltage  is  below  normal  the 
ampere  meter  records  more  power  than  is  used,  and  when  voltage 
is  above  normal  this  same  meter  records  less  power  than  is  actually 
consumed.  Apparently  it  might  therefore  be  argued  that  it  would 
pay  to  use  ampere  meters  and  keep  the  voltage  low.  But  any 
Electric  Light  Co.  could  soon  tell  you  how  many  customers  it 
would  have  at  the  end  of  a year  were  it  to  supply  only  14  C.  P. 
and  charge  for  16  C.  P. 

x^ow  consider  the  customer.  He  wants  so  much  light. 
Virtually  he  wants  to  pay  so  much  per  candle  power  hour.  Say  he 
is  a merchant  and  in  a year  he  uses  200  sixteen  candle  power 
lamps  for  500  hours  or  100,000  lamp  hours.  From  Table  2,  his 


lighting  bill  is  found. 

For  a voltage  of  98 — 

By  Wattmeter  his  bill  would  be $475.10 

By  Ampere  Meter  his  bill  would  be 485.00 


His  just  bill  at  0.031  cents  per  C.  P.  hour  is  ...  . 446.40 
That  is  Ampere  Meter  charges  him  too  much  by  $38.60,  and 
Wattmeter  too  much  by  $28.70,  that  is  M^attmeter  is  more  nearly 


coiTect  by  $9.90. 

For  a voltage  of  102 — 

By  Wattmeter  his  bill  would  be • . . .$522.00 

By  Ampere  Meter  his  bill  would  be 512.00 


And  his  just  bill  at  0.031  cents  per  C.  P.  hour  is.  555.50 
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NAME 

HruisK  bracket 
BruisK 

Peeistarce  ca^e  i 

Left- hand  field  coiL 
Cage  resistance's 
Strap  for  coi 
Binding  post 

(Strap  j 

Binding'  post 
F r ame ) — 

Left-Hand 
ternriinal  board 
Lead  wire  insulation 
Insulation  for  cage 

resistance.  leads  5 

RigHt- Hand  terminal  boards—'' 
I dewel  lifting  nut 


NAME 

Recording  mecHanisna* 

— ^Tbp  bearing  picig 

j j Brass  clamp  for 

top  of  coils 

— iRi^Ht-  Hand 
' o 

field  coil 

'Armature 

-'=y -^Bushing 


acmature  leads 

rrtotor  oe^/erc 

Jsvv'cl  oorews 
— (vJewel  check  nut 


Fig.  1. 
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That  is  by  registration  of  current  the  merchant  is  charged  too 
little  by  $43.50,  and  by  registration  of  energy  too  little  by  $33.50, 
again  showing  a difference,  of  $10.00,  in  favour  of  the  Wattmeter. 

The  first  requirement  essential  to  a perfect  recording  meter  is 
therefore  registration  of  energy  and  not  cuiTent,  one  of  its  factors. 
A meter  must  be,  simple  and  durable  ; able  to  resist  tampering  and 
independent  of  atmospheric  conditions;  independent  of  frequency 
and  inductive  circuits  and  must  be  adaptable  to  either  direct  or 
alternating  current. 

I will  attempt  a brief  description  of  the  Thomson  Recording 
Wattmeter.  In  Fig.  1 is  shown  a 5 ampere,  220  volt  meter,  the 
connections  being  shown  in  Fig.  2. 


Fig.  2. 

It  is  simply  a small  motor  and  dynamo  combined.  A small 
fraction  of  the  energy  which  the  meter  measures  operates  the 
motor,  and  the  retardation  is  supplied  by  the  light  drag  of  a copper 
disk  rotating  between  the  poles  of  two  magnets. 

The  armature  consists  of  a number  of  coils  of  fine  Avire  wound 
upon  a frame  of  pressed  paper,  which  is  fastened  to  the  vertical 
shaft.  The  commutator  bars  are  made  of  silver  and  the  brushes 
are  tipped  Avith  that  metal.  The  armature,  in  series  with  a suit- 
able resistance  and  the  shunt,  is  connected  across  the  line.  The 
fields  consist  of  a number  of  turns  of  stout  copper  Avire  of  size 
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sufficient  to  carry  a current  of  twice  the  rated  capacity  of  the 
meter.  These  fields  are  cormected  in  series  with  one  side  of  the 
line  the  full  current  passing  through  them.  Hence  the  torque  of 
the  motor  is  exactly  proportional  to  the  watts. 

There  is  no  iron  about  the  motor,  and  the  meter  when  once 
calibrated  is  adaptable  to  either  direct  or  alternating  current.  In 
fact  were  we  to  replace  the  brushes  by  two  connections  affixed  to 
opposite  segments  in  the  commutator  and  attaching  a suitable 
spring  and  pointer  to  the  shaft,  we  would  have  an  indicating  watt- 
meter capable  of  being  used  on  any  circuit. 

The  copper  disk  rotates  between  the  poles  of  two  magnets. 
By  moving  the  magnets  out  or  in  the  speed  is  regulated  so  that 
the  number  of  revolutions  of  the  disk  in  a certain  time  corres- 
ponds to  energy  delivered  to  the  circuit  in  that  time.  On  the 
shaft  is  a worm  which  operates  the  recording  mechanism. 

As  before  stated  the  shunt  is  connected  in  series  with  the 
armature  and  resistance  across  the  line.  It  consists  of  a suitable 
number  of  turns  of  fine  wire  and  is  inserted  in  the  inside  of  one  of 
the  field  coils.  Its  object  is  to  assist  meter  on  light  loads,  thus 
giving  the  meter  great  accuracy  on  all  loads. 

In  the  lower  end  of  the  shaft  is  a polished,  hardened  steel  de- 
tachable pivot.  The  shaft  sits  on  a jewel  mounted  on  a spring  in 
the  end  of  a screw.  So  that  if  from  any  cause  jewel  or  pivot 
should  be  damaged  both  can  be  easily  removed  and  replaced  by 
new  ones  without  removing  the  cover.  The  meter  is  protected  by 
a metallic  cover  which  is  drawn  tightly  down  on  to  a strip  of  felt 
on  the  base,  thus  rendering  it  dust  proof.  To  the  underside  of  the 
base  is  fastened  a metallic  plate,  when  it  is  sealed  up  it  is  im- 
possible to  tamper  with  the  meter  without  breaking  the  seals. 

Wattmeters  are  tested  by  connecting  them  up  with  an  indi- 
cating Wattmeter;  and  with  a stop  watch  noting  the  time  of  a 
certain  number  of  revolutions  of  the  disk.  The  formula, 

3,600  X constant  x number  of  revolutious 
time  (in  seconds.) 

gives  watts  recorded  by  the  recording  meter  and  this  should  agree 
with  the  reading  of  the  indicating  wattmeter.  If  there  is  not  a 
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close  enough  agreement  the  magnets  are  moved  out  or  in,  accord- 
ing as  meter  is  fast  or  slow. 

The  formula  is  derived  as  follows: 

let  1 revolution  of  disk  in  1 hour  = 1 watt  hour. 

Hence  1 revolution  of  disk  in  1 sec.  = 3,600  watt  hours. 

Or  H revolutions  of  disk  in  1 sec.  = 3,600  X H watt  hours. 

3,600  X N 


Or  H revolutions  of  disk  in  t sec. 


watt  hours. 


How  suppose  we  took  a 25  amp.,  100  volt  meter  and  passed 
100  amperes  at  100  volts,  through  it,  the  disk  would  rotate  at  the 
abnormal  speed  of  166.68  R.  P.  M.  If  the  field  coils  were  made 
with  one-quarter  of  the  number  of  turns  of  wire  the  torque,  and 
hence  the  speed  of  the  disk  would  be  one-quarter  of  what  they 
were  before.  Since  the  disk  is  running  at  one-quarter  of  the  speed 
necessary  to  record  the  power  in  the  circuit,  the  dial  will  indicate 
only  one-quartei  of  the  power,  so  the  dial  reading  is  multiplied  by 
4,  or  as  it  is  termed  constant  4.”  Then  formula  becomes 
3,600  X constant  X number  of  revolutions 
time  (in  seconds). 

Another  way  of  looking  at  it  is — 

Let  W = watt  hours- 

H = number  of  revolutions, 
t = time  in  seconds- 
K = constant. 

W ■=  3,000^ 

V 

W Revolutions  per  hour. 

j^3^600N 


^ 3,600N 

By  choosing  the  proper  value  for  — ^ — we  can  have  any 

value  of  K,  1,  2,  etc.,  depending  on  the  size  of  the  meter. 

Everything  should  be  carefully  considered  before  selecting 
the  proper  size  of  wattmeter  to  be  used.  If  a building  is  to  be 
illuminated  with  400  lamps  it  does  not  of  necessity  follow  that  a 
400  light  meter  will  do.  Take  the  case  of  a theatre  using  300 
sixteen  candle  power  lamps.  Probably  ten  of  the  lights  would  be 
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used  a greater  portion  of  tli©  day  to  light  np  the  ticket  office,  lobby, 
etc.,  and  remaining  290  w^ould  only  be  used  a short  time  during  a 
performance.  Now  I would  place  a ten  light  meter  on  the  first 
mentioned  circuit,  and  a two  hundred  light  meter  on  the  lights  in 
the  main  part  of  the  theatre.  It  is  far  better  to  have  too  small  a 
meter  on  an  intermittent  load  than  too  large  a one. 

Heretofore  it  seems  to  have  been  the  practice,  especially  in 
regard  to  house  lighting,  to  locate  the  meter  in  the  most  undesirable 
spot  possible.  Garrets  and  cellars  are  favorite  spots.  In  the  former 
there  is  a 120°  range  of  temperature  between  winter  and  summer, 
while  in  the  latter  it  is  usually  damp.  Is  it  not  unreasonable  to 
expect  good  results  from  meters  located  in  such  places?  A good 
location  is  any  of  the  back  living  rooms  in  the  house. 

When  a meter  is  set  up  it  should  be  examined  annually  by  a 
competent  person.  Don’t  suppose  that  it  is  going  to  run  forever 
after  it  has  first  been  inspected  and  sealed  up.  In  fact,  the  success- 
ful use  of  wattmeters  depends  largely  upon  the  intelligence  with 
which  they  are  looked  after. 


PORTLAND  CEMENT  vs.  BONE  ASH  FOR  CUPELS. 


li.  Koy  Stovel. 


The  use  of  bone  ash  for  cupels  is  so  universal,  that  it  is  with 
great  diffidence  one  seeks  to  introduce  any  other  substance  in 
place  of  it. 

Portland  cement  on  first  thoughts  does  not  recommend  itself 
to  one  for  this  purpose,  on  account  of  its  hardness  when  set- 
Through  having  had  it  suggested  to  me  in  a chance  conversation  I 
concluded  to  give  it  a trial,  and  have  had  most  satisfactory  re- 
sults, finding  it  equal  to  and  if  anything  slightly  better  than  bone 
ash  in  every  way. 

The  cement  cupels  being  much  harder  and  stronger,  wiH  ad- 
mit of  any  kind  of  handling  both  in  and  out  of  the  furnace.  They 
can  be  dropped  or  even  throv/n  down  without  any  material 
damage.  Neither  are  they  so  liable  to  fracture  in  the  furnace  as 
are  the  bone  ash  ones.  In  twenty  experiments  I have  only  found 
one  with  a crack  in  the  cup,  and  that  one  so  small  that  it  was  im- 
possible for  any  bead  but  a very  minute  one  to  fall  into  it. 

The  cement  being  slightly  heavier  than  bone  ash  with  equal 
absorbing  powers,  it  follows  that  size  for  size  the  cement  cupels  will 
absorb  more  lead,  while  for  ordinary  size  buttons  they  may  be 
made  shallower,  thus  enabling  one  to  see  more  of  the  cup  while  in 
a small  muffie,  and  at  the  same  time  a saving  is  made  in  material. 

As  will  be  seen  in  the  accompanying  table  the  loss  with  the 
cement  cupels  is,  in  most  cases,  slightly  less  than  with  the  bone 
ash  ones,  varying  for  18  cupellations,  of  from  2 to  600  mgs.  of 
silver,  from  nothing  to  4.86%. 

The  relative  cost  of  the  two  materials,  locally,  is  much  in 
favour  of  the  cement,  bone  ash  costing  by  bulk  7 cents  per  lb. 
while  the  price  of  cement  is  $6.50  at  Yellow  Union  per  bbh,  being 
only  a fraction  of  the  price  of  the  bone  asli. 
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Summing  up  and  using  the  results  of  the  few  experiments 
I have  made,  which,  having  had  to  he  done  in  spare  moments,  are 
not  as  many  as  I would  have  liked  to  have  done  before  laying  this 
paper  before  you,  I find  results  to  be  as  follows: 

Time  of  cupellation  about  the  same. 

Loss  in  cupellation  slightly  in  favour  of  the  cement. 

Cement  cupels  less  liable  to  breakage  and  fracture  in  the 
furnace. 

Absorbing  power  of  cement,  size  for  size,  greater  than  that  of 
bone  ash. 

Cost  of  cement  being  only  a fraction  of  that  of  bone  ash. 

In  sending  this  paper  to  be  read  before  you  it  is  in  hope  that 
some  members  of  the  Society  who  are  interested  in  assaying  may 
become  sufiiciently  interested  in  this  subject  to  carry  on  some 
more  experiments  in  the  laboratory  of  the  school,  the  results 
of  which  I would  very  much  like  to  know. 

N.B. — I neglected  to  state  that  the  cement  cupels  are  made  in  identically  the 
same  way  as  the  bone-ash  ones. 

Note. — Portland  cement  cupels  have  been  in  use  in  the  assay  laboratory  of 
the  School  for  the  past  three  years.  In  the  Spring  of  1899,  Mr.  Mickle,  being  un- 
able to  get  a good  quality  of  bone-ash,  commenced  some  experiments  with  cement, 
the  result  of  which  led  to  their  almost  exclusive  use  in  our  laboratory.  The  only 
drawback  to  cement  cupels  is  the  fact  that  after  they  have  been  brought  to  the 
proper  temperature  they  have  to  be  kept  thus  for  from  10  to  15  minutes  before 
putting  in  the  lead,  otherwise  '‘spitting  ” will  ensue. — Editor. 


PEAT. 


Arthur  G.  Ardagh. 


Peat  or  turf,  by  wbicli  latter  name  it  is  generally  known  by 
those  acquainted  with  it  in  the  old  lands,  commands  an  interest 
to-day  from  more  than  one  point  of  view.  While  you  may  be  in- 
terested in  it  from  a scientific  point  of  view  purely — a matter  for 
research,  if  no  further,  there  are  those  who  have  been  giving  many 
years  and  much  money  in  endeavouring  to  devise  suitable  machin- 
ery for  compressing  it,  and  thus  to  place  it  on  the  list  of  successful 
commercial  industries.  Expired  patents  are  legion,  and  for  30  or 
40  3"ears  we  have  records  of  experiments.  I’  can  also  assure 
you  that  there  are  also  many  who,  with  no  interest  in  its  manu- 
facture, are  waiting  to  use  it  in  their  homes  just  as  soon  as  it  can 
be  procured. 

I would  not  touch  upon  the  commercial  side  of  the  question  if 
we  were  not  as  engineers  specially  interested  with  that  aspect, 
and  in  fact  a constant  question  is  Can  it  be  made  in  paying 
quantities'^ 

The  fascination  of  the  subject  and  golden  hopes  of  success 
have  ever  brought  forward  fresh  brains  and  resources  to  fill  the 
breach.  Up  to  this  time  commercial  success  has  not  been  attained, 
but  Ave  have  good  grounds  to  hope  that  we  are  on  the  eve  of  it. 
Although  the  public  hear  less  of  the  subject  than  formerl^q  there 
are  many  earnest  workers  employed  in  solving  (and  I believe  they 
Avill  be  successful,  if  indeed  they  are  not  so  already)  the  difficul- 
ties of  the  situation.  I think  we  have  crossed  the  mountains  and 
are  descending  the  foot  hills. 

Most  of  us  have  gathered  our  hearsay"  information  in  regard 
to  peat  from  old  country  people.  There  are  deposits  throughout 
E’orthern  Europe  in  those  countries  Avhich  have  sent  our  fathers 
and  forefathers  here.  Ever  since  Caesar’s  time,  at  least,  the  peat 
fire  has  been  burning. 
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Here  also  in  Canada  there  are  deposits  of  a similar  nature, 
for  all  peats  are  not  alike.  If  we  class  decomposed  vegetable 
matters  under  the  general  name  of  peat,  we  have  deposits  formed 
of  decayed  grasses,  sedges,  aquatic  plants,  etc.,  we  have  cranberry 
marshes  and  pockets  of  swamp  muck,’’  as  it  is  called,  scattered 
over  the  country.  The  farmer  is  well  acquainted  ^Nith  its  qualities 
who  has  to  fight  the  swamp  fire  till  the  snow  comes.  Speaking  of 
peat,  Dana  says: 

^Hn  temperate  climates  it  is  due  mainly  to  the  growth  of 
mosses  of  the  genus  sphagnum.  This  plant  forms  a loose  turf,  and 
has  the  peculiar  property  of  dying  at  the  extremity  of  the  roots 
below,  while  it  continuously  grows  and  increases  above  the  surface, 
and  by  this  process  a bed  of  great  thickness  is  formed.” 

It  is  specially  of  this  kind  of  peat  that  I speak.  There  are^ 
two  deposits  I know  well,  that  of  4,000  acres  in  Welland  County, 
and  a somewhat  smaller  deposit  in  Perth  County,  north  of  Stratford. 

I believe  there  are  a large  number  of  deposits  of  this  sphag- 
num peat  in  Canada.  There  are,  I am  told,  bogs  of  excellent 
quality  and  extensive  area  in  Newfoundland,  Quebec  and  Ontario. 
There  are  huge  muskegs  in  the  northern  part  of  Ontario,  Manitoba 
and  elsewhere,  we  know,  but  they  are  yet  to  be  proved  workable 
deposits.  In  Ireland  beds  of  great  thickness  are  found  in  which 
are  embedded  and  preserved  great  oaks  of  a time  long  since.  The 
peat  is  cut  year  by  year  off  the  face  of  the  bank  left  the  previous 
season.  The  upper  stratum  of  recent  peat  ” is  more  fibrous  and 
the  colour  brown  when  dry.  In  older  peat  ” there  are  few  traces 
of  fibrous  matters,  and  it  presents  a pitchy  hue  when  cut.  It  will 
dry  out  more  or  less  brown  unless  it  is  puddled,  Avhen  the  density 
increases  the  dark  colour.  The  upper  stratum  is  called  slave  turf, 
because  it  can  be  dug  with  a slave,  an  instrument  like  a spade  with 
a wing  to  enable  the  bricks  of  peat  to  be  cut  on  tAvo  sides  with  one 
action.  The  lower  stratum  is  often  not  cohesHe  enongh  to  be 
liandled  in  bricks  as  it  comes  from  the  bog,  and  this  is  tramped  on 
the  bank  and  then  moulded  by  hand.  It  is  called  mud  turf,  hand 
turf,  stone  turf,  or  puddled  peat. 

The  output  of  these  operations  is,  in  general,  used  locally. 
Most  landlords  in  Ireland  haA^e  bogs  from  Avhich  they  get  tlieir 
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own  supply,  and  tlie  right  to  cut  peat  generally  goes  with  a tenant’s 
lease  also. 

But  as  to  shipping  it  to  a distance,  the  bulky  nature  and 
the  dust  prevent  this  being  done  to  any  extent.  Hence  the  great 
efforts  made  in  every  country  where  peat  is  found  to  compress  it 
into  a more  portable  and  marketable  shape. 

The  process  of  excavating  and  drying  the  peat  as  performed 
on  the  Ellice  marsh,  north  of  Stratford,  in  1899  and  1900,  was  as 
follows:  Trenches  were  staked  out  3'  8"  wide,  and  at  intervals  two 
men,  side  by  side,  were  set  digging  with  the  ordinary  steel  spades 
with  lifting  handles.  The  peat  was  dug  out  one  spading  deep  at  a 
time  and  spread  along  the  bank,  when  this  was  dry  on  one  side  it 
was  stacked  in  small  stocks  of  four  or  five  with  the  wet  sides  out, 
three  or  four  pieces  on  end  and  one  on  top.  Subsequently  these 
stocks  were  gathered  into  larger  piles  to  make  way  for  the  spread- 
ing of  a second  spading  and  so  on.  To  gather  in  the  dry  peat, 
portable  tracks  were  laid  over  the  ditches  and  the  peat  thrown  into 
trams  carrying  from  K of  a ton  to  one  ton  and  conveyed  to  sheds 
or  huge  stacks  to  be  thatched  Avith  lumber  or  moss. 

A factory  was  erected  to  press  the  peat,  which  at  present  is 
shut  down  aAvaiting  the  perfecting  and  trial  of  mechanical  drying, 
which  is  occupying  the  attention  of  those  interested  in  the  enter- 
prise at  present. 

There  are  A^arious  dryers  about  to  be  tested  more  fully  this 
summer,  enough  has  been  done  to  warrant  our  hoping  Ave  have 
overcome  this  crux. 

Peat  reabsorbs  moisture  easily,  and  if  spread  in  a finely  dis- 
integrated state  on  the  surface  of  the  bog  it  will  never  dry  enough 
to  render  artificial  drying  unnecessary 

As  to  its  burning  qualities,  peat  ignites  easily,  requires  prac- 
tically no  draught  wl  en  once  the  fire  has  taken  hold,  gwes  in- 
tense heat,  and  a banked  fire  will  not  bum  out  nor  will  it  go  out 
until  the  fuel  is  consumed.  It  bums  Avith  a flame  for  some  time, 
and  then  for  a longer  period  in  red  hot  coals.  The  gases  emitted 
in  the  initial  stages  of  burning  are  not  only  innocuous  but  con- 
sidered by  some  medicinal,  especially  against  lung  troubles.  The 
percentage  of  ash  Avill  vary  Avith  the  deposit  from  Avhich  the  peat 
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is  taken.  The  following’  analysis  was  made  of  samples  of  com- 
pressed fuel  made  from  the  product  of  the  Welland  ho_£>‘  with  the 
moisture  reduced  to  a suitable  amount: 


Moisture 12 

Yolatile  matter 58.20 

Fixed  carbon 26. 

Ash  3.80 


The  absence  of  soot,  clinkers  and  practically  of  smoke  (when 
burned  under  proper  conditions)  are  qualities  which  will  a})peal 
to  all  classes  of  consumers.  Peat  in  its  crude  state  varies  very  much 
in  wei^^’ht — about  600  lbs.  to  the  cubic  yard  may  be  taken  as  a fair 
density.  The  fuel  as  consolidated  by  tlie  Dickson  ]:»ress  will  wei^h 
from  slightly  under  soft  coal  to  slightly  over  hard  coal,  neither 
frost  nor  a damp  atmosphere  will  affect  it,  but  it  should  be  pro- 
tected from  rain. 

In  the  Dickson  press  the  peat,  after  being  broken  to  a powder 
in  a breaker,  is  disposed  automatically  by  gravitation  towards  the 
lower  and  stationary  dies  or  moulds,  wliicli  consist  of  two  steel 
tubes  about  twelve  inches  long,  of  uniform  bore  and  open  at  both 
ends,  into  which  work  two  punches.  Each  charge  of  peat  which 
flows  in  when  the  punch  rises  is  compacted  into  a solid  block  on 
the  top  of  the  previously  made  blocks  which  occu]:)y  the  lower  two- 
thirds  of  the  tube,  and  this  column  of  blocks  is  forced  down  a 
distance  equal  to  the  depth  of  the  block  made,  and  thus  each  time 
one  drops  out  at  the  bottom.  The  resistance  thus  obtained  is 
yielding.  Processes  which  involve  the  consolidation  of  the  crude 
peat  in  a wet  or  hot  state  leave  it  subject  to  disintegration  upon 
drying  or  cooling. 

To  dry  peat  in  the  air  it  must  be  exposed  to  the  wind  in  brick 
form,  and  never  more  than  4 or  5 inches  thick  whatever  length 
and  breadth  it  may  have.  It  will  never  dry  in  heaps  or  in  powder- 
ed form  either,  unless  it  were  spread  an  inch  deep  on  boards,  which 
is  practically  out  of  the  question.  Air  drying  may  be  done  on 
racks,  but  the  initial  cost  of  the  racks  will  be  large. 

I believe  that  in  such  a situation  as  the  Ellice  bog,  where 
my  own  plant  is  situated,  that  the  peat  can  be  easilv  harvested 
after  air  drying  with  only  25^/o  of  mo’sture.  This  would  make  the 
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task  of  reducing  the  moisture  another  10  or  15  per  cent,  by  artifi- 
cial means  an  easy  one. 

It  is  proposed  by  some  to  squeeze  the  first  30  or  40  per  cent, 
of  moisture  out  of  it,  and  for  this  purpose  an  hydraulic  press  has 
been  set  up  at  the  Trent  Yalley  Peat  Puel  Works.  Fresh  peat 
contains  from  75  to  90  per  cent,  of  water,  which  shows  what  an 
amount  has  to  be  handled  to  secure  one  ton  dry  weight.  The  time 
of  drying’  varies  with  the  weather,  the  handling  it  ^ets,'  and  the 
artificial  shelter,  if  any. 

It  mi^ht  dry  in  a month  easily,  but  count  on  six  weeks  on 
the  average. 

In  well  desis^ned  plants  an  endeavour  will  be  made  to  elimin- 
ate hand-labour  as  much  as  possible.  The  plant  will  cover  quite 
an  area  of  ground,  but  the  storage  building  will  be  inexpensive. 
They  will  be  all  connected  with  conveyors. 

Dredging  machinery  will  be  used  in  some  bogs,  in  which  case 
the  peat  will  be  squeeed  and  artificially  dried,  and  what  takes  now 
six  weeks  will  occupy  less  than  an  hour. 


THE  CONSERVATION  OF  WATER  FOR  POWER  PURPOSES. 


C.  H.  Mitchell,  B.A.  Sc.,  C.  E.,  A.  M.  Caj^.  Soc.  C.  E. 


In  Canada  and  particularly  in  the  Province  of  Ontario  where 
the  wealth  of  water  powers  is  known  to  he  almost  inexhanstible, 
the  study  of  conservation  of  water  for  power  purposes  seems  almost 
superfluous.  Conditions,  however,  frequently  arise  where  the  con- 
centration of  water  at  one  point  from  a limited  area  becomes 
highly  necessary  for  commercial' purposes. 

The  following  paper  w^as  prepared  in  the  form  of  a report, 
made  in  October,  1900,  for  a well  known  mining  company  in 
Ontario,  and  with  their  consent  the  writer  has  arranged  it  for  the 
Engineering  Society  in  the  hope  that  it  may  provide  information 
on  a subject  upon  Avhich  but  little  has  appeared  in  the  Society’s 
publications. 

The  circumstances  leading  to  the  examination  of  this 
hydraulic  proposition  required  that  sufflcient  water  he  provided 
from  a very  limited  area,  for  the  present  small  experimental  plant, 
and  ultimately  for  a proposed  plant  of  large  capacity.  The  grade 
of  the  ore  in  this  locality  Avas  such  as  to  render  it  preferable  to 
develop  direct  poAver  at  this  point  even  at  considerable  expense 
for  the  collection  and  storage  of  Avater.  The  power  is  required 
for  running  a crushing  and  washing  plant  in  the  process. 

General. 

1.  The  mine  noAV  Avorked  by  your  company  is  situated  on 
Lot  3,  Con.  xAuh.,  ToAvuship  of  Eaglan,  Avith  the  present  mill 
situate  on  Lot  2,  about  a mile  distant  by  road.  These  works  are 
about  6 miles  south  of  the  Village  of  Combermere,  and  20 
miles  south  from  Barry’s  Station  on  the  Canada  Atlantic  Bailway. 
They  are  at  an  elevation  of  about  200  feet  aboA’-e,  and  a mile  west 
from  the  York  Bwer,  Avhich  is  a considerable  stream  tributary  to 
the  Aladawaska  Bh’^er,  the  junction  of  Avhich  is  about  4 miles 
north  from  the  mill.  This  Avill  be  seen  by  reference  to  the 

General  Map  ” accompanying  this  report. 

2.  Access  is  had  to  the  Avorks  from  Combermere  at  present 
by  road  only,  the  country  being  very  hilly,  and  the  roads  for  the 
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most  part  rougli,  tliougli  improvements  have  been  lately  put  on 
them.  Transport  can  be  effected  by  water  via  the  Madawaska  and 
York  Rivers  to  a point  within  about  1.5  miles  of  the  works,  from 
which  a road  is  now  being  constructed.  This  water  is  available 
for  8 months  of  the  year  through  to  Barry’s  Bay,  where  a spur 
track  is  in  contemplation  to  the  wharf. 

3.  The  mill  is  situated  upon  a small  creek  known  as  Long 
Lake  Creek,  and  was  formerly  a small  saw-mill,  and  is  supplied 
with  water  for  power  from  the  creek  by  means  of  a small  dam. 
This  creek  has  its  sources  to  the  west,  and  above  the  junction  in 
the  ^^Menzie  Meadow,”  about  2 miles  distant,  trends  from  the 
north  on  the  one  hand  from  Long  Lake  (about  200  feet  above  the 
mill),  and  from  the  west,  from  a series  of  small  lakes  and  meadows 
fed  by  a considerable  area  of  hilly  district.  The  latter  branch  is 
known  as  Lennon’s  Brook.  At  the  extreme  end  of  this  is  a small 
lake  or  pond  which  is  called  Summit  Lake,  about  150  feet  above 
the  present  mill,  the  waters  of  which  flow  westward,  though  in  wet 
season  much  of  it  wmuld  come  east.  This  appears  to  be  fed  to  a 
large  extent  by  the  country  to  the  north. 

At  a point  about  0.75  miles  west  of  the  mill,  Robilliard’s 
Brook  enters  the  Long  Lake  Creek.  This  drains  an  area  in  a 
pocket  among  the  hills  in  which  is  a small  pond  called,  by  settlers, 
the  Beaver  Meadow,  some  200  feet  above  the  mill. 

To  the  north-west  of  Long  Lake  lies  Echo  Lake,  at  an  eleva- 
tion of  nearly  400  feet  above  the  mill,  which,  though  of  larger 
area  than  any  lake  in  the  vicinity  has  a comparatively  small 
drainage  area,  the  water  from  which  flows  by  Round  Lake  and 
outlet  to  the  Madawaska  to  the  north  and  away  from  Long  Lake. 

The  greater  part  of  the  drainage  area  outlined  above  lies  In 
the  Townships  of  Carlow  and  Bangor,  smaller  portions  being  in 
Raglan  and  Radcliffe. 

4.  The  general  nature  of  the  country  is  very  hilly,  with  areas 
of  lake  marshes  and  low  ground  lying  between.  The  hills  rise 
to  a general  height  of  about  500  feet  above  the  valley  of  the 
Long  Lake,  and  Lennon  Brooks,  and  lie  in  an  irregular  position 
rather  than  in  any  particular  direction  of  ridges,  a fact  which  is 
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favorable  for  water  supply,  and  storage.  The  slopes  and  crests  of 
the  hills  are  covered  to  a considerable  extent  with  hard  wood  and 
second  growth  brush.  The  valleys  are  more  or  less  open,  with 
patches  of  second  gTowth. 

5.  The  prevailing  temperatures  in  this  locality  are  extreme, 
the  summer  average  being  at  times  as  high  as  90  degrees  T.,  and 
the  winter  as  low  as  — 30  degrees  T.,  frequently  much  lower.  This 
is  a considerable  factor  in  water  supply  owing  to  the  ev^aporation 
in  summer,  and  the  freezing  of  springs,  watercourses,  and  rain- 
fall in  winter. 

Eainfall,  Sources  and  Storage. 

6.  The  most  essential  feature  in  the  supply  of  water  from  this 
locality  for  power  is  the  available  rainfall.  Having  examined 
the  streams  during  the  first  week  in  October  of  this  year,  the 
wwiter  was  able  to  determine  the  average  fall  fiow  of  water  avail- 
able, a part  of  which,  though  small  in  quantity,  may  be  termed 
ground  water  ’’  rising  from  springs,  and  quite  independent  of  the 
rainfall.  The  rainfall  source  of  supply  appears  to  be  variable 
from  year  to  year,  and  even  by  monthly  comparison. 

The  nearest  meteorological  observing  station  to  this  locality 
is  situated  at  Renfrew,  about  45  miles  to  the  east  as  the  crow 
fiies.  Observations  on  rainfall  have  been  carried  on  at  this  point 
since  1884,  though  at  times  they  have  been  omitted,  and  there 
are  some  readings  which  there  is  reason  to  doubt.  Below  is  a table 
showing  the  totals  of  annual  rain  and  snow  fall  equivalents  in 
inches.  Observations  in  the  years  not  shown  are  incomplete: 


Rain. 

Snow. 

Total. 

1884  

13.54 

8.60 

22.14 

1885  

16.56 

11.48 

28.04 

1886  

19.00 

7.35 

26.35 

1888  

13.19 

4.35 

17.54 

1889  

23.26 

7.87 

31.13 

1890  

17.15 

6.70 

23.85 

1891  

21.14 

4.71 

25.85 

1893  , 

22.71 

2.76 

25.47 

1894  

13.20 

1.75 

14.95 

1895  

9.13 

4.47 

13.60 

1S9Y  

13.50 

5.20 

18.70 

1898  

19. C7 

6.45 

26.12 
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The  abnormally  low  rainfall  in  the  years  1894  and  1895  is 
evidently  dne  to  incorrect  readings,  as  an  examination  of  the  re- 
cords wonld  lead  one  to  snspect.  Omitting  the  observations  of 
these  two  years,  the  averag:e  of  10  years,  as  above  since  1884,  is 
a total  fall  of  rain  and  snov7  combined  of  24.52  inches,  while,  in- 
cluding the  two  years  mentioned,  it  becomes  22.81  inches.  The 
year  1898,  being  the  nearest  to  the  average  in  recent  years,  is 
given  below  so  as  to  illustrate  the  monthly  variation,  although 
the  months  September  and  October  are  abnormally  high: — 


J anuary  

Year  1898. 

E.ain. 

. ...  0.00 

Snow. 

2.00 

Total. 

2.00 

Tebruary  .... 

0.00 

1.80 

1.80 

March  

0.62 

0.00 

0.62 

April  

0.47 

0.10 

0.57 

May  

2.51 

0.00 

2.51 

June  

2.87 

0.00 

2.87 

July 

2.15 

0.00 

2.15 

August  

2.05 

0.00 

2.05 

September  . . . 

4.09 

0.00 

4.09 

October  

4.91 

0.00 

4.91 

N^ovember  . . . 

0.00 

0.80 

0.80 

December  . . . . 

..  0.00 

1.75 

1.75 

Totals  . . . 

19.67 

6.45 

26.12 

The  average  month  by  month  covering  the  typical  years 
1885,  1886,  1888,  1890,  1897  and  1898,  is  given  in  the  following 
table,  which  shows  the  rain,  snow  and  total  for  each  month. 


Rain. 

Snow. 

Total. 

J anuary  

0.44 

1.25 

1.69 

T ebruary  

...  0.16 

1.38 

1.54 

March  

...  0.32 

0.91 

1.23 

April  

...  0.95 

0.95 

1.90 

May  

. ...  1.61 

0.02 

1.63 

June 

....  2.70 

0.00 

2.70 

July  

0.00 

2.40 

August  

...  2.65 

0.00 

2.65 

September  

, ...  1.85 

0.00 

1.85 

October 

2.13 

0.04 

2.17 

November  , 

1.01 

0.68 

1.69 

December 

0.13 

1.64 

1.77 
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This  by  inspection  would  lead  to  the  assumption  that  while 
the  dry  weather  ’’  season  occurs  in  the  winter  months  the  pre- 
cipitation is  fairly  constant  throughout  the  year,  that  is  to  say 
that  the  July,  August,  September  and  October  weather  so  fre- 
quenily  known  as  dry  ’’  produces  quite  as  much  rainfall  as 
other  seasons,  and  that  if  there  is  any  shortage  of  water  it  is 
caused  solely  by  evaporation  and  absorption.  The  northern 
country  is  well  known  to  give  a “ dry  weather  season  in  March, 
a fact  which  is  borne  out  in  this  locality  by  the  last  table,  the 
precipitation  being  nearly  all  snow  water. 

The  inference  from  these  tables  is  that  generally  speaking 
the  ^Mry  weather”  occurs  not  in  the  summer  or  fall,  but  in  Feb- 
ruary and  March,  during  the  extreme  cold  weather,  and  that  con- 
servation of  water  must  look  toward  that  season  and  not  so  much 
toward  the  warm  summer  season. 

J.  The  character  of  the  country  has  much  to  do  with  the 
securing  of  rainfall  water  as  under  any  circumstances  a certain 
portion  of  the  wat^r  is  lost,  the  amount  depending  upon  the  gen- 
eral inclination  of  the  slopes,  and  the  character  of  the  soil,  etc. 
Flat  country  and  very  gentle  slopes  give  a less  percentage  of  the 
total  rainfall  capable  of  being  collected  and  stored,  than  does 
steep,  hilly  and  rocky  country.  This  amount  of  water  reaching 
the  basins  or  streams  is  termed  ^Aun-ofP.”  By  an  examination 
of  all  the  conditions  in  the  areas  for  supply  for  your  purposes 
the  writer  does  not  think  it  wise  to  assume  the  run-off  in  excess 
of  50%,  which  is  a moderate  and  conservative  figure  for  such  coun- 
try. The  remainder  of  the  precipitation  would  be  lost  through 
evaporation,  absorption  and  seepage  into  underground  channels. 

Assuming  as  an  average  annual  precipitation  for  calculating 
purposes  the  amount  of  24  inches,  the  run-off  can  be  safely  as- 
sumed as  12  inches  of  rainfall  per  annum.  Twelve  inches  of 
water  over  one  square  mile  of  area  would  produce  about 
27,880,000  cubic  feet  of  water. 

8.  The  main  area  as  shown  on  the  general  map  of  the  supply, 
comprising  Long  Lake  with  its  tributaries,  and  the  Lennon  Brook, 
etc.,  comprises  about  13.0  square  miles.  Within  this  area  there 
IS  about  0.G5  square  miles  (5%)  or  435  acres  of  water  surface 
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at  ordinary  times,  i.e.,  including  lakes,  streams  and  marshes.  Long 
Lake  has  an  area  of  about  90  acres,  at  its  present  level.  The 
area  of  thirteen  square  miles  should  produce  about  362,000.000 
cubic  feet  of  run-off  water  per  annum.  The  writer  estimates  the 
ground  water  as  indicated  by  the  October  flow  at  about  48,000,000 
cubic  feet  per  annum,  thus  bringing  the  total  water  available 
in  the  main  water  shed  area  to  a flow  of  410,000,000  cubic  feet 
per  annum. 

By  an  examination  of  the  average  monthly  rainfall  for. many 
years  back,  and  having  regard  for  the  snow,  ice  and  spring  freshets, 
together  with  an  assumed  constant  ground  water  flow,  estimated 
approximations  for  the  total  monthly  flow  from  this  area  have 
been  made.  These  lead  one  to  believe  that  the  average  flow  dur- 
ing the  months  of  December,  January,  February  and  March,  will 
not  exceed  say  11  million  cubic  feet  per  month,  and  might  at 
extremely  cold  and  dry  seasons  run  as  low  as  8 million  cubic  feet. 
April,  May  and  June  might  be  assumed  at  an  average  of  from 
50  to  70  million  cubic  feet  per  month,  the  other  months  of  the 
year  being  from  20  to  40  million  cubic  feet. 

9.  The  area  shown  by  the  general  map  comprising  the  Bea- 
ver Meadow^’  and  Robilliard’s  Brook  drainage,  gives  about  1.5 
square  miles,  of  which  about  25  acres  (2^%)  is  water  surface. 
Springs  in  this  locality  are  numerous,  and  these,  together  with  the 
rainfall,  it  might  be  estimated  would  give  about  46  million  cubic 
feet  per  annum.  This  would  produce  monthly  about  one-tenth  the 
amounts  shown  for  the  general  area.  The  greatest  part  of  the 
water  from  this  area  reaches  the  Long  Lake  Creek  at  a point  about 
^ miles  above  the  mill. 

10.  The  Echo  Lake  area  lies  high  above  the  previous  water 
sheds,  and  consists  of  a drainage  of  about  3 square  miles,  of  which 
250  acres  or  10%  is  water  surface.  This  lake  is  fed  largely  by 
springs,  and  the  slopes  are  comparatively  short  and  steep.  This 
area  should  produce  with  the  ground  water  a total  flow  of  about 
1 00  million  cubic  feet  per  annum.  The  cold  weather  winter  flow 
should  not  be  less  than  about  2 million  cubic  feet  per  month,  the 
maximum  spring  flow  for  three  months  about  15  to  20  million 
cubic  feet  per  month,  and  remaining  average  about  7 to  10  mil- 
lion cubic  feet. 
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Present  Mill  and  Plant. 

11.  The  present  mill  is  situated  in  the  gorge  of  the  Long 
Lake  Creek,  immediately  below  a log  and  earth  dam,  about  15 
feet  in  height.  The  dam  was  originally  built  for  a saw-mill  and 
was.  increased  in  height  and  strength  for  the  present  mill.  This 
impounds  water  to  only  a small  extent  of  surface  as  the  creek 
inclination  is  somewhat  steep.  Water  for  driving  the  mill  is 
drawn  from  the  dam  by  means  of  a 15  inch  spirally  rivetted  pipe 
to  a point  about  300  feet  below  the  dam,  where  power  is  gener- 
ated by  a 37  inch  Cascade  ’’  impulse  wheel,  with  live  nozzles, 
under  a normal  head  of  about  44  feet,  variable  on  account  of 
head  water;  at  this  head  the  wheel  gives  about  39  horsepower. 
This  plant  has  been  in  operation  only  since  July,  for  experimental 
purposes. 

At  the  time  of  the  writer’s  visit  (October)  this  wheel  was 
developing  about  30  horsepower,  and  was  using  about  7 cubic  feet 
of  water  per  second  when  all  machinery  was  on.  The  heavy 
crusher  machinery  was  running  at  that  time  only  about  4 hours 
per  day  out  of  the  20  hours  run,  using  about  15  horsepower,  and 
the  remainder  of  the  time  the  lighter  machinery  used  only  about 
15  horsepower,  with  3.6  cubic  feet  of  water.  The  ore  treated  in 
the  mill  was  about  20  tons  per  day  of  20  hours,  and  observations 
made  on  the  performance  of  this  experimental  mill  show  that  it 
requires  about  1 horsepower  per  ton  of  ore  treated  for  all  pur- 
poses, although  this  should  be  considerably  decreased  by  improve- 
ments which  can  be  made. 

12.  Measurements  of  water  coming  down  to  the  mill  show 
that  under  normal  conditions  in  October  as  indicated  above,  about 
5 cubic  feet  per  second  of  water  was  being  used  for  all  purposes, 
washing,  leakage,  and  other  loss.  The  latter  can  be  saved  by 
careful  attention  to  the  dam,  which  is  now  being  done. 

A series  of  measurements  extending  from  May  I7th  to  July 
12th,  1900,  on  the  water  flowing  over  a 70  inch  weir  at  the  mill 
gives  an  average  discharge  of  about  60  million  cubic  feet  per 
month.  During  this  interval,  however,  a dam  was  placed  in  the 
outlet  to  Long  Lake  on  June  4th,  thereby  cutting  olf  supply 
from  that  district.  Previous  to  this  date  the  average  for  the  IS 
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days  in  May  was  at  26  cubic  feet  per  second,  or  at  tbe  rate  of 
about  70  million  cubic  feet  per  montb.  This  figure  includes  tbe 
Robilliard  area,  but  does  not  include  tbe  water  from  tbe  west 
end  of  tbe  main  area,  wbicb  it  is  contemplated  to  bring  to  tbe 
mill.  Tbougb  tbe  rainfall  at  Renfrew  for  tbe  first  five  montbs  of 
1900,  and  for  tbe  montb  of  May,  shows  about  25?^  greater  tban 
tbe  average  for  tbe  periods,  as  indicated  in  paragraph  6 above, 
nevertheless  tbe  above  discharge  as  measured  appears  to  agree 
with  tbe  run-off  production  indicated  in  paragraph  8.  After 
the  dam  was  placed  in  Long  Lake  the  rate  of  flow  for  38 
days  in  June  and  July  was  20  cubic  feet  per  second,  or  about 
53  million  cubic  feet  per  montb,  during  wbicb  time  Long  Lake 
was  filling  according  to  subsequent  measurements  at  tbe  rate  of 
about  5 million  cubic  feet  per  montb.  These  figures  also  appear 
to  agree  fairly  well  with  the  previous  deduction  from  tbe  rain- 
fall and  run-off. 

13.  There  is  no  doubt  whatever  that  this  flow  of  5 cubic  feet 
per  second  as  measured  cannot  be  maintained  throughout  the  win- 
ter montbs  or  during  a particularly  dry  season  in  tbe  fall.  This 
is  shown  by  the  fact  that  tbe  present  plant  has  been  drawing  to 
a small  extent  this  year  upon  tbe  Long  Lake  reservoir  since 
August  24tb.  This  lake  was  dammed  on  June  4tb  by  a small 
dam  and  allowed  to  fill  until  tbe  former  date  to  a height  of  about 
30  inches.  Since  that  time  water  has  been  drawn  from  it  at  tbe 
rate  of  about  0.7  to  1.0  cubic  feet  per  second,  of  wbicb  from 
0.4  to  0.5  cubic  feet  is  storage  water. 

While  a minimum  of  water  of  about  5 cubic  feet  per  second 
will  be  required  to  be  maintained  during  tbe  present  winter,  a 
greater  amount,  about  8.0  cubic  feet  per  second  will  be  required 
next  year  in  view  of  the  contemplated  enlargement  of  tbe  present 
experimental  mill,  when  a wheel  of  greater  power  may  be  installed. 
A 50  horsepower  wheel  could  be  run  with  this  water  on  the  same 
principle  as  at  present,  running  all  tbe  machinery  at  full  power 
about  one  quarter  of  tbe  time,  and  the  lighter  machinery  at  about 
20  horsepower  during  tbe  remainder.  , 

Proposed  for  Present  Plant. 

14.  Tbe  present  dam  will  require  to  be  carefully  overhauled 
and  strengthened  so  as  to  ensure  its  security  and  close  the  leaks. 
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The  stability  of  this  dam  is  most  essential,  as  the  mill  is  situated 
immediately  below  it.  The  immediate  construction  of  a sufficient 
spillway  through  the  dam  to  provide  for  the  spring  freshets,  is 
advisable,  the  former  wasteway  having  been  closed,  and  it  would 
be  well  also  to  clear  the  mill  pond  of  brush  and  logs,  etc. 

15.  The  chief  problem  for  the  present  plant  is  to  ..provide 
the  supply  of  8 cubic  feet  of  water  at  the  mill  the  ye^r  round. 
To  do  this  requires  the  utilization  of  storage  areas  sufficient  to 
store  water  to  supply  the  deficiency  in  the  dry  and  cold  weather 
months,  viz.,  December  to  March,  inclusive,  and  possibly  October 
and  November  at  times. 

The  writer  is  of  the  opinion  that  the  main  area,  together  'with  ’ 
the  Robilliard  area,  as  before  indicated,  will  provide  sufficient  run- 
off water  to  do  this,  and  that  storage  reservoirs  in  the  Menzie 
Meadow  and  on  Long  Lake  can  be  suitably  arranged  to  store 
water  for  the  dry  seasons. 

Assuming  that  the  minimum  dry  season  produces  by  the  run- 
off from  these  two  areas  8 million  cubic  feet  per  month  for  the 
four  winter  months,  December,  January,  Lebruary  and  March, 
and  18  million  cubic  feet  per  month  for  October  and  November, 
which  is  a conservative  figure,  the  storage  areas  must  supply  the 
deficiency  up  to  the  8 cubic  feet  per  second  limit.  The  amount 
of  water  required  by  the  mill  at  this  figure  running  24-  hours 
per  day,  31  days  in  the  month,  will  be  approximately,  22  million 
cubic  feet  per  month.  Consequently  the  draft  on  the  storage  areas 
would  be  14  million  cubic  feet  per  month  for  the  winter  months 
and  4 million  cubic  feet  for  October  and  November.  That  is  to 
say  a total  of  64  million  cubic  feet  would^  be  required,  without 
considering  losses  by  evaporation,  freezing,  absorption,  etc. 

16.  To  provide  for  this,  dams  for  storage  will  be  required 
at  the  outlets  of  the  Menzie  Meadow,  and  Long  Lake. 

The  Menzie  Meadow  dam  is  proposed  at  the  point  shown  in 
the  plans,  and  should  be  built  so  as  to  impound  water  to  an  eleva- 
tion of  185.0  feet  above  the  datum  of  levels  as  per  the  contoiW 
plan,  or  about  14  feet  above  the  level  of  the  creek  immediately 
above  the  outlet.  This  dam  can  be  built  of  logs,  earth  and  stone, 
Avhich  can  be  easily  found  in  the  locality.  Its  extreme  height 
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would  be  about  17  feet  and  its  length  about  200  feet,  at  tbe 
located  site,  assuming  tbe  water  to  be  within  a foot  of  the  top 
at  high  water,  the  crest  of  the  dam  being  at  elevation  186.0.  This 
dam  should  be  made  perfectly  tight  and  with  a spillway  to  pro- 
vide the  passage  of  high  water  in  the  spring.  It  should  have 
stop  logs  or  a gate  so  arranged  as  to  deliver  the  required  amount 
of  water  over  and  into  the  creek  bed.  The  amount  of  water  de-  . 
livered  will  not  need  to  be  as  much  as  8 cubic  feet  per  second  as 
the  Robilliard  stream  and  springs  in  the  valley  will  provide  a por- 
tion of  the  water  required  for  the  mill. 

The  Menzie  Meadow  thus  dammed  so  as  to  raise  the  water 
to  an  elevation  of  185.0  would  provide  for  a storage  of  about  83 
acres,  which,  with  the  dam  arranged  so  as  to  draw  off  the  upper 
13  feet  of  the  pond,  would  store  about  46  million  cubic  feet.  The 
evaporation  and  absorption  during  the  summer  months,  together 
with  temporary  loss  in  the  winter  by  frost,  should  not  exceed  about 
20%  of  the  amount  if  the  brush  and  trees,  particularly  within  the 
upper  pond  area,  are  cleared  so  as  to  reduce  the  evaporation 
to  a minimum.  The  writer  is  of  the  opinion  that  a storage  of  37 
million  cubic  feet  can  be  considered  as  reliable  for  this  reservoir, 
at  the  height  of  dam  indicated.  Should  more  water  be  required 
at  any  time  in  the  future,  it  can  be  impounded  by  raising  this  dam 
a few  feet;  the  dam  might  be  built  with  this  in  view. 

It  appears  from  the  precipitation  that  there  will  not  be  suffi- 
cient rainfall  this  fall  and  winter  season  (1900-1901)  to  provide 
any  water  for  storage  above  that  now  being  used,  but  the  imme- 
diate construction  of  this  Menzie  dam  is  advisable,  so  that  when 
the  spring  thaw  and  rains  set  in  the  reservoir  may  be  filled  by 
the  flood  water.  This  water  will  then  become  available  in  the 
fall  and  winter  of  1901. 

The  dam  placed  at  the  outlet  of  Long  Lake  in  June,  1900,- 
serves  to  raise  the  water  about  2.5  feet.  If  this  were  raised  so  as 
to  impound  water  to  a depth  of  10  feet  above  the  old  lake  level, 
a storage  of  about  42  million  cubic  feet  would  be  secured.  De- 
ducting about  20%  as  before,  for  evaporation,  etc.,  about  34  mil- 
lion cubic  feet  would  be  available.  This  is  quite  feasible  and 
its  construction  during  the  coming  winter  is  also  advisable  to 
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secure  the  flood  water  in  the  spring.  The  area  draining  into  Long 
Lake  is  not  large,  and  would  not  be  snfflcient  to  fill  the  pond  as 
proposed  unless  the  outflow  were  shut  ofl  entirely.  This,  how- 
ever, can  easily  be  done,  as  the  surplus  water  from  the  western 
portion  of  the  main  area,  coming  to  and  over  the  Menzie  dam 
would  be  sufficient  to  run  the  mill.  With  a properly  constructed 
dam  and  excavation  the  water  of  Long  Lake  could  be  drawn  down 
even  lower  than  originally. 

IT.  Lor  the  demands  of  the  coming  dry  winter  season,  be- 
fore these  dams  fill,  steam  power  will  be  required  if  the  mill  is 
to  be  kept  running,  hinder  the  present  circumstances  a 15  horse- 
power steam  plant  ought  to  be  quite  sufiicient  as  an  auxiliary  to 
the  water  plant  with  what  water  comes  down.  This  can  subse- 
quently be  used  for  heating  and  other  purposes. 

The  folloAving  is  a recapitulation  of  the  works  proposed  for 
improving,  the  present  plant: — 

1.  Strengthening  present  mill  dam,  stopping  leaks,  con- 
structing spillway,  and  possibly  ultimately  raising  crest. 

2.  Possible  ultimate  installation  of  larger  wheel  and 
feed  pipe,  for  say  50  horsepower. 

3.  Building  Menzie  dam,  and  clearing  area. 

4.  Building  Long  Lake  dam. 

Water  provided — 8 cubic  feet  per  second. 

Available  water  stored — ^71,000,000  cubic  feet. 

Proposed  Hew  Mill. 

18.  There  is  in  contemplation,  the  construction  of  a new 
mill  at  the  location  shown  on  the  plans,  of  much  greater  capacitv 
than  the  present  experimental  mill,  if  the  construction  is  justifi- 
able by  circumstances.  Such  a course  would  entail  the  abandon- 
ment of  the  present  mill,  and  the  use  of  the  machinery  and  the 
water  for  the  new  plant.  The  following  hydraulic  considerations 
are  upon  this  basis. 

B).  As  has  been  previously  shown  the  total  water  available 
from  the  three  drainage  areas  is  constituted  of:  main  area,  410 
million  cubic  feet  per  annum.  Echo  Lake  area  100  million,  and 
Bobilliard  area,  40  million,  a total  of  556  million  cubic  feet.  Of 
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this,  by  a conservative  estimate,  more  than  80%  could  he  utilized 
for  the  mill,  or  say  a maximum  of  444  million  cubic  feet,  a 
monthly  average  of  37  million  cubic  feet.  This  is  at  the  rate  of 
14  cubic  feet  per  second  used  constantly. 

It  appears  from  previous  figures  that  the  dry  weather  flow 
for  the  four  winter  months  will  not  exceed  11  million  cubic  feet 
per  month  from  all  sources;  and  that  the  months  of  October  and 
November  cannot  be  depended  upon  beyond  25  million  cubic  feet 
per  month.  Hence  a deficiency  of  water  under  the  requirement 
of  37  million  cubic  feet  per  month,  occurs  in  six  months  of  the 
year,  the  draft  for  the  four  winter  months  being  at  the  rate  of 
26  million,  and  for  October  and  November  10  million,  a total 
deficiency  for  the  year  of  124  million  cubic  feet,  without  consider- 
ing evaporation,  etc. 

20.  The  proposed  location  of  a new  mill  of  large  capacity,  as 
fiiown  on  the  plans,  is  in  a ravine  immediately  below*  the  mine. 
The  advantages  of  this  location  are  evident.  Ore  can  be  sent 
direct  to  the  mill  by  gravity,  with  a short  haul.  A very  high 
head  of  water  can  be  secured,  and  transport  for  produce  easier. 
A possible  advantage  is  its  location  out  of  the  line  of  discharge 
from  the  country  above,  should  any  of  the  storage  dams  go  out. 

As  shown  by  the  map,  a mill  could  be  constructed  with  a 
water  wheel  at  elevation  about  20.0  feet  above  datum.  As  pre- 
viously shown,  the  elevation  of  the  surface  of  the  storage  reservoir 
at  Menzie^s  already  proposed,  about  2 miles  distant,  is  185.0,  a 
difference  of  165  feet.  This  head  of  course  could  not  all  be  uti- 
lized, as  it  is  proposed  to  draw  the  storage  of  the  Menzie  reser- 
voir down  to  elevation  172.0,  and  as  about  18  feet  head  will  be 
lost  in  bringing  water  down  the  valley,  thus  leaving  an  available 
head  on  the  wheel  of  134  feet.  Tourteen  cubic  feet  of  water  per 
second  as  is  shown  above  appears  to  be  the  maximum  which  with 
close  regulation  can  be  depended  upon  as  a supply  from  the 
areas.  This  amount  of  Avater  Avith  134  feet  head  Avould  provide 
180  horsepower  on  the  shaft  for  the  new  mill,  running  constantly. 

Proposed  AVorks  for  New  Mill. 

21.  The  proposition  of  securing  such  a large  percentage  of 
the  total  available  supply  from  the  areas  and  storing  say  150 
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million  cubic  feet  (124  million  to  be  available),  though  quite 
feasible,  will  require  the  utmost  attention  to  construction  and  regu- 
lation to  ensure  success.  The  sites  for  storage  are  four  in  number, 
as  follows: 

(1)  Menzie  Meadow.  As  before  proposed,  with  a dam,  how- 
ever, 5 feet  higher,  at  which  level  it  is  estimated  66  million  cubic 
feet  can  be  stored  above  elevation  172.0,  of  which,  after  deduct- 
ing 20%  for  evaporation,  etc.,  53  million  cubic  feet  should  be 
available. 

(2)  Long  Lake.  As  before  proposed,  at  same  elevation,  and 
capacity,  viz.,  34  million  cubic  feet. 

(3)  Echo  Lake.  By  means  of  a dam  at  the  outlet  of  Echo 
Lake,  6 feet  in  height,  66  million  cubic  feet  could  be  impounded 
in  the  250  acres  extent  above  the  present  level.  Deducting  from 
this  the  20%  for  evaporation,  etc.,  as  before,  there  would  be  53 
million  cubic  feet  available  water. 

(4)  Perch  Lake.  A small  storage  reservoir  can  be  made  in 
this  locality  by  the  construction  of  a dam  at  the  outlet  to  its  waters. 
This  dam  at  a height  of  not  more  than  10  feet  will  impound  at 
least  24  million  cubic  feet,  or  say  20  million  available,  though  it 
would  not  be  necessary  unless  difficulty  were  found  in  tilling  the 
other  reservoirs,  or  it  might  be  built  instead  of  raising  the  Menzie 
dam.  It  would  also  be  found  difficidt  to  till  a dam  at  this  point  if 
water  was  also  being  impounded  at  Menzie’s,  as  the  14  cubic  feet 
flow  to  the  mill  must  be  maintained. 

A small  storage  reservoir  could  also  be  made  available  at  the 
Beaver  Meadow,  though  it  is  a question  if  it  would  be  wise  or 
would  pay,  as  the  road  would  require  to  be  moved  east  up  the  hill, 
at  considerable  expense. 

Ho  doubt  difficulty  will  be  found  in  securing  the  storage  of 
these  waters  simultaneously,  while  at  the  same  time  maintaining 
the  adequate  supply  to  the  mill.  This  can  be  arranged  only  by 
close  regulation  of  the  discharge  through  the  different  dams  in 
the  spring. 

22.  A small  dam  will  be  required  at  the  western  outlet  of 
Summit  Lake,  so  as  to  turn  its  waters  eastward,  also  the  eastern 
high  water  outlet  improved  and  deepened  througli  the  marsh. 
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23.  The  means  of  getting  the  available  water  to  the  mill 
will  require  considerable  work,  and  comprises  the  main  part  of  the 
expense  of  the  project. 

Echo  Lake  lies  nearly  200  feet  above  Long  Lake,  the  brook 
outlet  being  very  rapid,  and  falling  into  Round  Lake  some  23 
feet  below  the  level  of  Long  Lake.  Consequently  to  secure  the 
waters  of  Echo  Lake  for  power  purposes,  a conduit  will  be  re- 
quired from  some  point  on  this  brook  such  that  the  water  may  be 
carried  over  to  Long  Lake.  The  proposed  location  of  this  is  shown 
in  the  general  plan,  and  is  about  2,400  feet  in  length,  following 
around  the  base  of  the  hill  which  is  more  or  less  rocky.  This 
will  necessitate  the  construction  of  a small  flume  rather  than  of  a 
ditch,  although  part  of  it  might,  be  ditched.  A ditch  or  flume 
of  about  2.5  square  feet  wet  cross  section  should  be  sufficient  with 
the  grades.  The  water  may  be  caught  at  the  Echo  Lake  Brook  by 
a small  log  dam  at  the  outlet  of  the  lake  above.  The  construc- 
tion of  the  latter  dam  is  recommended  at  least  a year  before  its 
water  will  be  required. 

The  Menzie  dam  being  the  lowest  point  on  the  storage  areas, 
should  be  specially  arranged  with  regulating  gates,  easily  operated. 
Irrespective  of  the  level  of  the  water  in  this  reservoir  its  discharge 
should  at  all  times  be  delivered  to  the  head  bay  immediately  below 
the  dam  at  an  elevation  of  172.0  so  as  to  provide  the  drawing  out 
of  all  the  water  above  the  dam.  Erom  this  point  to  the  proposed 
forebay  above  the  mill  is  about  9,400  feet,  following  the  course  of 
the  proposed  flume  and  ditch  line  as  shown  on  the  contour  plan. 
This  conduit  is  proposed  at  a grade  throughout  of  about  0.20%  or  1 
foot  in  500,  with  a wet  cross  section  of  about  6 square  feet;  in  ditch, 
in  earth  and  gravel  the  water  would  be  about  18  inches  deep,  the 
bottom  width  2 feet  and  slopes  1 to  1^2,  while  in  flume  the  width 
could  be  3 feet  and  depth  of  water  18  inches.  These  dimensions 
would  discharge  14  cubic  feet  per  second  at  the  mill. 

There  are  at  least  two  points  where  the  water  will  require  to 
be  carried  by  flume,  viz.,  at  Robilliard  Creek,  and  at  the  ravine  to 
the  east.  There  will  be  other  points  also  where  it  may  be  cheaper 
to  flume  than  blast  rock.  It  may  be  assumed  that  of  the  9,400 
feet  total  length,  1,200  feet  would  be  flume. 
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Under  this  plan  the  waters  of  the  Uohilliard  area  will  require 
collecting  at  a point  above  the  flnme  line,  and  to  be  led  by  a small 
ditch  or  llnme  to  the  main  line.  This  could  discharge  constantly. 

The  proposed  ditch  line  will  intercept  all  water  coming  to  it 
from  the  hills  to  the  north,  but  cannot  secure  water  coming  to  the 
present  creek  bed  from  the  south.  This  water  would  be  but  little, 
but  could  be  caught  at  the  present  mill  dam  and  might  be  utilized 
in  some  manner. 

When  this  ditch  is  cut  through  sandy  or  loose  soil,  or  in 
loose  rock,  it  should  be  lined  with  clay  or  clayey  gravel  to  make 
it  tight.  Difficulty  will  no  doubt  arise  in  any  case  for  the  first 
year  or  so  by  this  absorption  and  loss  by  leakage,  but  as  the  ditch 
gets  silted  up  this  mil  disappear. 

24.  The  'works  at  the  forebay  on  the  side  hill  above  the  mill 
should  be  of  sufficient  size  and  capacity  to  regulate  the  flow  of 
water  through  the  penstock,  deliver  the  surplus  over  a spillway, 
take  care  of  ice,  brush,  leaves,  etc.  The  penstock  to  the  mill 
should  be  24  inches  diameter  steel  pipe  riveted,  and  should  be 
anchored  down  the  slope  to  the  mill. 

A difficulty  arises  in  regulation  of  the  water  supply  to  the 
penstock  at  the  forebay.  The  supply  coming  down  the  ditch  must 
necessarily  be  constant  unless  partially  shut  down  for  more  than  a 
few  hours,  consequently  provision  must  be  made  for  the  spillway 
of  surplus  water.  This  can  be  done  either  at  the  forebay  or  at  the 
mill.  If  at  the  mill  its  value  is  lost  unless  it  can  be  utilized  at 
periods  when  it  is  discharged  as  surplus.  It  is  recommended  then 
to  provide  a small  reservoir  in  the  ravine  above  the  mill,  providing 
a head  of  say  60  to  80  feet,  into  which  surplus  water  of  a few 
hours  shut  down  or  slack  discharge  can  be  spilled.  This  can  be 
done  by  a small  dam  at  slight  cost.  The  water  from  this  can  be 
carried  down  to  the  mill  and  utilized  for  the  washing  processes 
and  other  work,  perhaps  to  run  the  lighting. 

The  power  at  the  mill  can  be  developed  by  an  impulse  wheel, 
such  as  either  the  Cascade,  Pelton  or  American  Impulse,  with  two 
or  more  nozzles,  upon  the  number  of  Avhich  the  size  will  depend. 

The  tail  water  can  be  disposed  of  without  difficulty  as  there  is 
a good  fall  to  the  York  River. 
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25.  The  following  is  a recapitulation  of  the  proposition  foi 
the  new  mill: 

Water  provided — 14  cubic  feet  per  second. 

Available  water  stored — 140  million  cubic  feet. 

AVorking  head — 134  feet. 

Available  on  shaft — 180  horsepower. 

Final. 

26.  It  has  been  found  that  as  the  timber  is  cut  off  and  the 
country  cleared  near  the  sources  of  streams,  the  yield  of  water 
decreases.  This  affects  the  run-off  as  the  evaporation  is  more  likely 
to  increase.  In  the  present  instance,  however,  it  is  not  expected 
that  the  general  conclusions  would  be  affected,  as  the  district  can* 
not  be  said  to  be  heavily  wooded,  and  the  water  coming  down 
more  readily  in  the  spring  would  be  caught  by  the  dams. 

27.  The  advantage  of  having  the  mill  near  the  present  de- 
posit of  ore,  which  is  the  best  of  those  owned  by  the  company,  is 
considerable,  and  if  a new  mill  of  large  capacity  were  built  in  the 
])roposed  location,  no  risk  Avill  be  run  with  regard  to  the  power. 
If  some  years  hence  it  were  found  that  the  available  water  collect- 
ed from  all  sources  failed  to  a serious  degree  by  climate  changes 
in  rainfall,  or  by  the  clearing  of  land,  power  can  be  obtained  by 
electric  transmission  from  sources  elsewhere. 

The  writer  understands  that  a considerable  power  is  available 
at  Palmer’s  Rapids,  on  the  Madawaska,  6 miles  below  the  mill, 
and  that  other  powers  now  owned  by  the  company  exist  20  miles 
up  the  York  River,  distances  which  are  quite  feasible  for  electric 
transmission.  These  powers  will  no  doubt  be  developed  in  the 
near  future  in  any  case,  for  other  purposes,  such  as  for  mining 
and  electric  railway,  which  is  already  talked  of  in  the  locality  to 
connect  with  railroads  to  the  south. 
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In  attempting  a description  of  the  vast  country  to  onr  north, 
which  has  been  not  inaptly  termed  Onr  Northern  Heritage/’  tlie 
v riter  proposes  to  confine  himself  exclusively  to  the  more  unknown 
portion,  north  of  the  Great  Divide,”  between  the  waters  fiowing 
south  to  the  St.  Lawrence  system,  and  those  draining  into  Hud- 
son’s Bay,  whose  southern  boundary  is  roughly  determined  by  the 
Canadian  Pacific  Railway.  The  enormous  extent  of  this  territory 
precludes  anything  in  the  nature  of  a thorough  investigation  in  a 
paper  of  this  character,  and  necessitates  a statement  rather  than  a 
discussion  of  the  facts.  I will,  therefore,  endeavour  to  present  in 
as  brief  and  concise  a manner  as  possible,  an  account  of  the  district, 
its  nature  and  resources. 

Regarding  the  region  from  a geographical  standpoint  it  may, 
like  ancient  Gaul,  be  divided  into  three  parts.  Roughly  parallel 
to  the  C.  P.  R.,  a rocky  belt  traverses  almost  the  entire  district 
from  the  Ottawa  river  to  the  Manitoba  boundary.  To  the  north 
of  this  in  the  eastern  portion,  a clay  area,  in  shape,  a rough  triangle, 
extends  from  Temiscamingue  and  Abitibi  to  the  Missanabie  river. 
Arable  land  also  occurs  in  the  valley  of  the  Kaministiqua  river 
to  the  west  of  Thunder  Bay,  and  in  several  parts  of  the  Rainy 
River  District.  From  the  northern  boundar^^of  the  clay  land, 
which  in  the  Moose  river  basin  coincides  roughly  with  the  northern 
limit  of  the  Archean  rocks,  to  the  bay,  lies  an  enormous  swamp 
area,  practically  devoid  of  timber  except  small  scrubby  spruce  and 
tamarac,  and  underlaid  by  palaeozoic  rocks  of  Upper  Silurian 
and  Devonian  age. 

The  northern  boundary  of  the  rocky  belt  follows  the  eastern 
bank  of  the  Montreal  river  from  Lake  Temiscamingue,  and  crosses 
the  Nipissing-Algoma  boundary  line  at  a point  about  one  hundred 
and  twenty-four  miles  north  of  the  C.  P.  R.  It  then  is  roughly 
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traced  by  Mven’s  Base  Line  Lat.  48°  27'  54"  to  the  Missanabie 
river.  Here  it  bends  to  the  north  and  areas  of  clay  occur  on  the 
Ka-hina  Ka^ami  and  Keno^ami  rivers  to  the  west,  whose  southern 
liniits  probably  represent  its  continuation-  Farther  to  the  west- 
ward rocky  country  generally  prevails  to  the  Bainy  Biver  District. 
Bocky  areas  also  occur  farther  north  in  some  parts,  the  most  im- 
portant being  a ridge  of  considerable  elevation  forming  the  Height 
of  Land  between  the  Abitibi  and  the  water  flowing  south  to  the 
Quinze.  The  principal  formations  in  this  district  are  the  Lauren- 
tian  and  Huronian,  widely  spread  throughout  the  whole  region  and 
consisting  mainly  of  gneisses  and  green  schists,  and  the  Animikie 
or  T7ipigeon  series  in  the  vicinity  of  Thunder  Bay.  Cambrian 
rocks  occur  to  the  north-west  of  Sudbury,  and  a small  area  of 
Hiagara  Limestones  and  Dolomites  is  found  to  the  norlh  of  Lake 
Temiscamingue  and  on  some  islands  in  the  same  lake. 

It  is  in  this  region  that  the  economic  minerals,  and  to  a large 
extent  the  timber  of  Greater  Ontario  are  to  be  found.  Valuable 
finds  of  iron,  nickel,  copper,  zinc,  gold  and  silver,  all  of  which  are 
mined  farther  south,  are  reported  from  the  northern  portion  of  the 
district,  but  as  little  or  no  work  has  been  done  up  to  the  present 
time  nothing  very  definite  as  to  the  extent  of  the  deposits  can  be 
said  except  that  the  most  promising  surface  showings  occur  in 
many  parts- 

The  timber  of  the  district  is  a less  doubtful  quantity.  White 
and  red  pine  occur  up  to  Lake  xlbitibi  in  the  east,  but  nowhere 
else  east  of  Lake  Superior  is  it  found  so  far  north.  In  the  Bainy 
Biver  District  it  is  abundant  in  the  south,  and  is  found  sparingly 
as  far  north  as  Lac  Seul.  Banksian  or  jack  pine,  white  and  black 
spruce  and  tamarac,  poplar,  balm  of  gilead,  white  and  red  birch 
and  cedar  occur  everywhere  throughout  the  district,  jack  pine 
being  usually  found  on  the  sandy  ground,  spruce  and  tamarac  in 
wetter  country,  and  the  others  along  the  banks  of  rivers.  Lire  has 
played  great  havoc  in  the  timber  of  this  district,  especially  in  those 
parts  adjacent  to  the  railway,  and  unless  the  trees  are  protected  by 
nature  in  some  way  they  are  usually  burned  before  maturity. 

The  northern  limit  of  the  clay  belt  cannot  be  well  defined,  as 
it  is  impossible  to  draw  a sliarp  line  of  demarcation.  Good  land  is 
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found  ^’enerally  as  far  north  as  Lat.  49°  16',  on  the  hTipissin^- 
Algonia  line,  beyond  which  it  gradnally  merges  into  mnskeg. 
Farther  north  small  areas  of  arable  land  occur,  usually  in  the 
neighbourhood  of  rivers,  hut  generally  the  country  is  unht  for  culti- 
vation. 

Everywhere  in  this  district  the  common  garden  vegetables, 
potatoes,  cabbages,  cauliflowers,  etc.,  mature  without  difficulty. 
Every  Hudson’s  Bay  Post  has  its  garden,  and  the  officers  of  the 
Company  raise  with  little  trouble  such  green  stuffs  as  they  require. 
Except  in  the  Temiscamingue  and  the  Bainy  River  Districts, 
cereals  have  not  been  seriously  attempted,  but  there  is  no  reason  to 
suppose  that  in  the  southern  parts  of  the  country  they  could  not 
be  cultivated  with  as  much  success  as  in  districts  to  the  west  in  the 
same  latitude.  Barley  has  been  grown  at  Moose  Factory,  but  its 
ripening  cannot  be  depended  on  as  severe  frosts  frequently  occur 
early  in  the  autumn  and  sometimes  even  during  the  summer 
months.  Farther  south  the  crops  would  be  much  safer,  as  low  tem- 
peratures are  the  exception  rather  than  the  rule.  In  the  past 
summer  the  thermometer  did  not  fall  below  the  freezing  point 
from  June  1st  to  Sept.  8th  in  the  region  north  of  Lake  Superior, 
and  I w'as  informed  by  the  officer  in  charge  of  Long  Lake  House, 
which  is  situated  about  eighty  miles  north  of  Jackfish  Bay,  that  it 
was  a fair  average  summer  as  far  as  the  temperature  was  concerned. 

The  timber  in  this  region  is  similar  to  that  further  south, 
being  mainly  spruce,  tamarac,  jack  pine,  poplar,  birch,  balm  of 
gilead  and  balsam.  The  trees  sometimes  attain  a diameter  of  thirty- 
six  inches  but  the  average  of  the  larger  sort  is  not  above  fifteen. 
The  country  has  been  burned  everywhere  except  near  water  and 
the  second  growth  is  very  thick,  sO'  that  the  majority  of  the  trees 
have  not  an  opportunity  to  mature.  Along  the  rivers  and  on  the 
lake  shores  the  timber  is  larger  but  has  a tendency  to  be  very 
knotty  and  tv/isted. 

Horth  of  the  clay  region  the  country  becomes  more  swampy 
aud  finally  merges  into  open  muskeg,  often  as  bare  as  the  prairies 
of  the  west  for  many  miles,  the  only  break  in  the  landscape  being 
a few  clumps  or  ridges  of  small  stunted  spruce  and  tamarac.  The 
surface  of  the  country  is  covered  with  moss  many  feet  thick,  which 


84 


SOME  NOTES  ON  GREATER  ONTARIO. 


often  stretches  across  large  areas  of  water,  lying  on  its  surface  like 
a blanket  and  quivering  under  every  footstep.  Dry  land  seldom 
occurs  except  in  the  immediate  neighborhood  of  running  water, 
where  clay  banks  rise  up  like  dykes  and  separate  the  rivers  from 
the  swamp.  On  these  banks  the  only  large  timber  is  found,  usually 
in  a belt  not  over  a few  chains  in  width  and  frequently  even  less. 
In  many  cases,  where  the  river  banks  are  upwards  of  thirty  feet 
above  the  water,  open  muskeg  occurs  within  a hundred  yards 
of  the  stream. 

In  the  spring  the  rivers,  whose  water  volumes  are  subject  to 
enormous  variations,  often  overflow  the  banks,  and  during  the  dry 
season  the  extreme  flatness  of  the  country  prevents  an  adequate 
drainage.  This,  in  addition  to  the  water  formed  by  the  snow  melt- 
ing  over  such  large  areas,  largely  accounts  for  the  swampy  nature 
of  the  country. 

The  character  of  the  rivers  alters  greatly  iiinued lately  upon 
entering  this  region.  In  the  south  they  are  usually  swift  flowing 
streams  with  abrupt  descents  over  ledges  of  rocks,  but  in  the  great 
muskeg  district  they  cut  wide  channels  for  themselves,  since  the 
erosion  of  the  soft  banks  is  much  more  rapid  than  that  of  the 
bottom — which  is  usually  flat-lying  limestone  strata.  As  a result 
the  great  rivers  entering  James’  Bay  have  strong  heavy  cun*ents 
and  are  wide  but  very  shallow.  The  Moose  at  the  mouth  is  about 
two  miles  in  width,  but  the  depth  is  seldom  greater  than  a few 
feet;  and  the  Abitibi  can  be  crossed  on  foot  in  places  where  its 
width  exceeds  half  a mile.  Xo  portages  occur  on  the  Abitibi  for 
about  50  miles  from  its  junction  with  the  Moose,  and  the  naviga- 
tion of  the  Moose  is  uninterrupted  for  considerably  over  a hundred 
miles,  and  that  of  the  Albany  for  over  two  hundred.  I^umerous 
smaller  streams  show  similar  characteristics,  which  demonstrates 
the  flatness  of  the  whole  region.  These  rivers  are  all  very  sensi- 
tive with  regard  to  water  volume,  ^^ominally  the  streams  flow  over 
flat-lying  rocks  and  have  sloping  banks  covered  with  alders  and 
^^blue  joint,”  crowning  the  banks  are  fringes  of  timber,  which 
mark  the  high  water  level,  usually  many  feet  above  the  stream  in 
the  autumn.  At  Port,  about  one  hundred*  miles  up  the 

Abitibi,  accurate  measurements  showed  the  spring  level  of  the 
water  to  be  thirty  feet  above  the  river  in  September. 
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The  only  minerals  of  economic  importance  in  the  district  are 
gypsnm  and  lignite  coal.  The  former  occurs  in  large  quantities 
on  the  Trench  river,  a tributary  of  the  Moose,  and  also  on  the 
Missanabie,  and  a bed  of  the  latter  crosses  the  Abitibi  at  the  Black- 
smith’s Bapids  about  thirty  miles  above  the  Moose.  Lignite 
also  exists  on  Coal  river,  a tributary  of  the  Missanabie.  Though 
not  extensive  these  deposits  are  important  as  proving  the  existence 
of  lignite  in  the  region,  and  it  is  poseiblei  that  future  exploration 
may  reveal  large  quantities  of  this  mineral.  An  analysis  of  the 
coal  from  the  Abitibi  deposit,  by  TV.  A.  Parks,  Ph.  D.,  gave: 

Fixed  carbon,  50.408  p.  c. 

Volatile  matter,  38.63  p.  c. 

Moisture,  8.016  p.  c. 

Ash,  2.945  p.  c. 

Heating  power,  6995  cal. 

Perhaps  this  region  is  most  important  as  a source  of  peat. 
It  is  claimed  that  the  niossi  of  the  muskegs  when  decomposed  forms 
peat  of  an  excellent  quality,  and  if  this  is  the  case  the  value  of  our 
wild,  useless  swamp  lands  is  inestimable.  The  muskegs  of  value 
from  this  standpoint  are  very  widely  spread  throughout  the  whole 
of  Greater  Ontario.  Large  areas  occur  in  the  Bainy  Biver  District 
and  eastward  to  the  great  muskeg  region  in  the  basins  of  the  Lower 
Moose  and  Albany  rivers. 

It  seems  probable  that  the  water  power  now  being  wasted 
throughout  the  whole  of  Greater  Ontario  will  be  a very  potent 
factor  in  commercial  industries  of  all  kinds  when  the  country  is 
opened  up.  Tew  countries  are  better  supplied  with  natural  power 
than  this  district.  The  number  of  rivers  of  large  size  with  prac- 
tically an  unlimited  water  supply,  and  having  usually  very  abrupt 
descents  is  sufficient  in  itself  to  guarantee  that  abundant  power 
can  be  developed  to  supply  all  the  needs  of  the  country. 

In  conclusion  is  appended  a list  of  what  may  be  regarded  as 
the  more  important  resources  of  the  country,  and  also  a table 
showing  the  mean  monthly  temperatures  at  Moose  Factory  during 
1878  and  1879. 
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Minerals  . 

Coal. — Deposits  of  Lignite  on  Coal  and  Abitibi  rivers. 

Gold. — Found  on  Sturgeon  Lake,  Lake  Seul,  Lake  Minnetakie  and 
other  points  in  the  Dainy  Liver  District.  Along  the  north 
shore  of  Lake  Superior  and  in  parts  of  southern  Algoma 
and  Nipissing. 

Silver. — Found  at  several  points  along  the  north  shore  of  liake 
Superior. 

Iron. — Aorth  shore  of  Lake  Superior  and  in  parts  of  the  Rainy 
River  District  and  in  southern  Algoma  and  Aipissing. 

Copper. — Same  localities  as  iron. 

Graphite. — F ound  in  some  districts  north  of  Lake  Superior. 

Zinc. — FTorth  of  Lake  Superior. 

Nickel. — Reported  in  districts  north  of  Sudbury. 

Anthraxolite. — Found  in  districts  north  of  Sudbury. 

Timber. 

White  Pine. — North  of  the  Temagamingue  country,  and  about 
the  head  waters  of  the  Mattagami,  also  in  the  Rainy  River 
District. 

Red  Pine. — Same  as  white  pine. 

Black  Spruce. — Very  common  throughout  the  whole  district. 

White  Spruce. — Found  everywhere  but  less  common  than  black 
spruce. 

Banksian  or  Jack  Pine. — Common  everywhere  on  the  more  sandy 
soil. 

Tamarac. — Common  throughout  the  whole  district  especially  in 
swampy  parts. 

Poplar. — Common  on  clay  land  and  near  water. 

Balm  of  Gilead. — Same  as  poplar. 

Birch. — Common  throughout  the  whole  district,  found  in  same 
localities  as  poplar. 

Balsam. — Common  on  clay  land  and  near  water. 

Cedar — Occurs  throughout  district,  generally  in  swamps  or  near 
water. 
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Whit©  Elm. — Eound  sparingly  in  Eainy  River  District  and  in  the 
more  southern  parts. 

Rlack  Ash. — Occurs  occasionally  in  the  south  and  is  of  small  size. 

Fur  and  Game. 

Rlack  Bear. — Common  in  certain  localities. 

Polar  Bear. — Occasionally  seen  about  Moose  Factory. 

Moose. — Common  in  the  more  southeim  parts  and  in  the  Rainy 
River  District,  rare  north  of  Lake  Superior. 

Woodland  Cariboo. — Commmn  in  most  parts  except  in  the  wetter 
muskegs. 

Beaver. — Common  in  most  parts. 

Fox. — Common  throughout  the  district. 

Otter. — Common  in  most  districts. 

Marten. — Common  in  most  districts. 

Mink. — Common  in  most  districts. 

Fisher. — Common  in  most  districts. 

Weasel. — Common  in  most  districts. 

Musk-rat. — Common  in  most  districts. 

White  Whale. — James  Bay. 

Lake  Trout. — Common  in  larger  lakes. 

Sturgeon. — Found  in  some  of  the  larger  lakes  and  rivers. 

Brook. — Common  in  many  streams. 

Pike. — Very  common,  found  in  nearly  all  lakes  and  rivers. 
Pickerel. — Common. 

Sucker. — Common  everywhere. 

White  Fish. — Found  in  many  lakes  and  streams. 

Ducks. — Many  varieties  found  everywhere  in  the  district. 

Geese. — Common  in  the  district  though  only  in  the  spring  and  fall. 
Partridge,  Grey  and  Spruce. — Common  everywhere. 

Prairie  Chicken. — Common  in  parts  of  the  Rainy  River  District, 
and  said  to  he  coming  east  along  the  burnt  land  about  the 
C.  P.  R. 
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Table  showing  mean  monthly  temperatures  at  Moose  Factory. 


Months. 


Temperatures  Fahrenheit 
1878,  1879. 


January  . 
February  . 
March  . . . 

April 

May 

June 

July 

August  . . . 
September 
October.  . . 
November. 
December . 


— 1.07°  — 3.92 

13.71°  — 6.72 

20.39°  12.08 

35.59°  24.19 

47.32°  39.95 

57.04°  50.24 

66.91°  60.26 

62.99°  57.78 

51.66°  48.98 

40.94°  45.14 

26.48°  20.80 

7.57°  — 11.20 


THE  MADISON  DRAW  BRIDGE  AT  PORTLAND,  OREGON. 


By  H.  G.  Tyrell,  C.E.,  ^86, 


Designing  Engineer  for  Boston  Bridge  Works. 

The  following  bridge  work  is  believed  to  be  a typical  case  of 
first-class  American  Draw  Bridge  practice,  and  it  is  offered  to  the 
Engineering  Society  with  the  hope  that  it  may  be  useful  and 
interesting. 

My  calculations  and  strain  sheets  are  given  in  full  in  the 
order  that  they  were  made. 

In  October,  1899,  the  City  of  Portland  advertised  for  designs 
and  bids  for  a highway  and  double  track  street  railway  bridge  to 
cross  the  Willawette  River  at  Madison  Street,  the  bridge  to 
replace  the  wooden  one  then  in  place. 

The  new  bridge  to  consist  of  one  steel  swing  span  316  feet 
long,  and  a width  of  25  feet  centre  to  centre  of  trusses,  and  a total 
width  out  to  out  of  hand  rail  of  40  feet,  and  seven  Pratt  combina- 
tion fixed  spans  of  190  feet  in  length  each,  and  the  same  width  as 
the  swing  span.  The  whole  to  be  designed  according  to  Thatcher’s 
specification  of  1894,  with  the  following  conditions : 

Concentrated  Live  Load — 2 electric  cars  coupled,  on  each 
track,  weighing  20  tons  each,  or  15  ton  road  roller. 

Uniform  Live  Load — 100  pounds  per  square  foot  all  over. 

Roadway  Floor — 5-in.  wood  paving  block  on  3-in.  plank,  laid 
with  J-in.  open  joints,  on  6 x 8 joist  laid  cross- wise  of  bridge  2J^-ft. 
centres.  All  the  above  supported  on  steel  stringers  about  5 -ft. 
apart. 

Sidewalk  Floor — 2-in.  plank  on  wood  joist. 

Roadway  will  be  crowned  3 ins.,  and  have  cast  scuppers  in 
alternate  panels  on  each  side.  Wood  paving  blocks  4 in.  x 8 in.  x 4 in- 
boiled  in  asphalt. 

Material — Lateral  rods,  iron ; drum  and  loading  beams,  soft 
steel ; balance,  medium  steel. 
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Unit  Stresses — Tension  Only. 


Chords,  Ties,  Counters, 

and  Long  Suspenders — 

Wrought  Iron. 

Soft  Steel. 

Medium  Steel. 

9400|l  + ^—1 

1 Max.] 

losooj  1 -h  1 

1 MaxJ 

11700|l  + 1 

i Max.) 

Plates  and  Shapes — 

850o|  1 1 

1 Max.] 

9700 |l  -H 

t Max.J 

10500  |l  + ***“•  1 

1 Max.J 

Tension  Flanges  of  Built  Beams  Girders,  Same  Gross  Area  as 
Compression  Flanges. 

Floor  Beam  Hangers  through  pin  holes — 

Wrought  Iron.  Soft  Steel.  Medium  Steel. 


6800  7800  . 8400 

Lateral  Rods 20000  23000  25000 

Compression  Only. 

Flat  Ends  10750-399-  12500-500-  13750-577-!- 

r r r 

One  flat  & one  pin  10750-444-  12500-556-i  13750-642- 

r r r 

Pin  Ends 10750-489-  12500-612-  13750-707- 

r r r 


Lateral  Struts,  add  25%  to  above  units  for  pin  ends. 

1 = length  of  member  in  feet. 

r=^  least  radius  of  gyration  in  inches. 

For  top  chords  the  stresses  per  square  inch  due  to  weight  of 
member  will  be  deducted  from  the  above  unit  stresses. 

The  reduction  for  chords  flat  at  one  end  being  one-half,  and 
for  chors  flat  at  both  ends,  one-third  of  the  amount  for  members 
with  pin  ends. 

No  allowance  will  be  made  for  wind  stress  combined  with 
stress  from  dead  and  live  load,  unless  the  combined  stress  exceeds 
by  50  per  cent,  the  stress  from  dead  and  live  load  only,  in  which 
case  the  combined  stress  will  be  used  with  a unit  stress  50  per 
cent,  greater  than  above  given. 

Girders. 

In  the  compressed  flanges  of  beams  and  girders,  the  allowed 
stress  per  square  inch  shall  not  exceed — 
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For  riveted  girders, 


For  rolled  beams, 


Wrought  Iron. 
9400 

1 +.0288,1^ 

b- 

10000 


Soft  Steel.  Medium  Steel. 


10800 


11700 


l + .0288^ 
11500 


1+.0288 


12 

b^ 


1+.0288 


I! 

b^ 


1^.0288— 

12500 

l+'.0288^ 


1 ==  unsupported  length  in  feet, 
b = width  of  flange  in  inches. 

Floor  beams  and  stringers  will  be  considered  unsupported 
between  end  bearing. 

Alternate  Tension  and  Compression. 

For  the  greater  stress — 


9400  1— 


max.  less 


2 X max.  greater] 

llTOojl  - 


10800 
max.  less 


1 


max.  less  1 
2 max.  greater  J 


2 max.  greater  J 
For  compression  only  use  compression  formula. 
Use  the  one  giving  the  greatest  area  of  section. 

Combined  Stress. 


A member  subject  to  transverse  stress  in  addition  to  the  ten- 
sion or  compression  due  to  its  position  shall  be  considered  as  a 
beam  of  one  panel  length  supported  at  the  ends,  for  section  in 
centre  of  panel,  and  fixed  at  ends,  for  sections  at  ends  of  panel. 
The  member  will  be  proportioned  to  sustain  the  algebraic  sum  of 
the  stresses  resulting  from  direct  compression  or  tension  and  the 
transverse  loading  in  which  the  allowed  stress  per  square  inch  will 
not  exceed — 


Wro’t  Iron 

Soft  Steel 

Med.  Steel. 

At  centre  of  panel 

10000 

11500 

12500 

At  end  of  panel  

12500 

14400 

15000 

On  pins  and  rivets  shearing 

9000 

10000 

11000 

On  webs  of  girder  

6000 

7000 

7500 

Diam.  of  pins  and  rivets 
bearing 

15000 

17000 

19000 

Extreme  fibre  of  pins 
bending  

20000 

23000 

25000 
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Field  rivets  will  have  25  per  cent,  excess  section  over  the 
above  requirements. 

Timber. 

Fibre  stress  1200  pounds  per  square  inch. 


Flat  ends 

One  flat  and  one  pin 


1075  -112^ 
d 


1075-125 


Pin  ends  1075-138-^ 

d 

1 = length  of  member  in  feet. 
d = least  diameter  in  inches. 

Shearing — Sliding  the  grain  = 130  pounds  per  square  inch. 
Direction  of  “ = 1200  “ “ 

Perpendicular  “ = 300  “ “ 

Wind  Bracing — Bottom  lateral  bracing  will  be  proportioned  to 
resist  a uniformly  distributed  moving  force  of  300  lbs.  per  lineal  foot- 
Top  lateral  bracing  to  resist  a uniformly  distributed  moving 
force  of  150  pounds  per  lineal  foot. 

Track  Stringer. 

Steel,  21  feet  long,  about  5 feet  apart. 

5 X 21.1"  X 100 


M uniform  live 


8 


= 25326  foot  pounds. 


M from  road  roller  = 5456  x 8 = 43648  foot  pounds. 


0 

^ Goo 

r< 

c > 

tl 


i/  / 


I 


T 


Fig-  I 

For  dead  moment,  assume  weights  as  follows  : 

4-in.  paving  @ 5 lbs.  = 20  lbs. 

3-in.  plank  @ 3J  “ = 10.1  “ J-in.  open  joints 

Rails 4. 

Steel 9. 

6 X 8 cross  joist  2J  ft.  c to  c.  5.6 


I 


Fig  Z 


48.7  “ per  sq.  ft. 
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Then  M dead 


48.7  X 5 X 21.r 

^ ■ 


= 13551  ft.  lbs. 


M live  43648 


M total  = 57199  “ 

Try  riveted  stringer — 21  ft.  long,  unsup- 
ported sideways  4 angle  s 5 x 3 x 1 Pl. 

Allowable  stress  per  square  inch  - 

11700  FlCr  3. 


10430 


1 + .028Sg-, 


R 


Required  depth  of  web  = ! o = 13.71 

Distance  back  to  back  = 13.71  f-  2 (.68)  = 15.07  inch. 

Weight  per  lineal  ft.  = 45.55  lbs. 

Try  beam  stringer,  21  ft.  long,  unsupported  sideways,  floor 
support  not  considered. 

1 9.500 

= 8800  lbs. 


Allowable  stress  per  sq.  in. 
57199  X 12 


1 + .0288| 


Required  S 


8800 


78.  S for  18  in.  1 @ 55  lbs.  = 88. 


Try  beam  stringer  braced  sideways,  10  ft.  between  supports. 
Allowable  stress  per  square  inch  = 11400  lbs. 


Required  S - 


57199  X 12 
11400 


= 60.2  15  in.  I.  @ 45  lbs.  will  do. 


n 0-  4. 
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Weight  of  stringer  bracing  for  2 beams : 

4 angles  2^  x 2 J x ^ x 7 1 1 2 lbs. 

5 pis.  Hxfxl  ft.  - 3 ins 40 

5 angles2|x2jxixlft.-3  ins.  25  “ 

60  rivets  20 

197  “ 

For  1 beam  = 98.5  lbs.  ="4.7  lbs.  per  ft. 
Beam 45.0 


Total 49.7 

Comparative  economy  of  3 stringers : 
Built  stringer,  45.55  lbs.  @ .0267c.  per  lb. 
18  in.  I @ 55  lbs.  @ .0247c.  per  lb. 

15  in.  I @ 45  lbs.  @ .0237c. 

Bracing  4.7  lbs.  @ .0275c. 


1.2282c. 

1.3585c. 

1.0665c. 

.1292c. 

1.1957c 


Use  this. 


I Pfl  N iC  L ^ 2 /.  I 


Side 


F icst  5. 


stringer. 


3 X 21.U  X 100 

M uniform  live  = - 16530  It.  lbs. 


M from  road  roller  =r  3990  x 8 - 31920  ft.  lbs. 

Dead  load  per  lin.  ft.  on  side  stringer.  (See  section.) 
Paving,  20  x 2U 

3-in.  plank,  10.1  x V = 80.3  lbs. 

6x8  joist,  5.6  X 2^J 

Steel 

Guard  Id. 5 

Walk  plank 7. 


137.8 
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Tlien  M dead  = ^ = 7668  ft.  lbs. 

O 


M live = 31920  “ 

M total  39588  “ 


Required  S. 

TT  . 1 t..  ..  39588  X 12  _ 

Unsupported  21  It.  — = 54. 

15  in.  I @ 42  lbs.  has  S = 58.9  which  use. 

Walk  stringer  2 ft.  apart. 

Load,  live = 100  lbs.  per  sq.  ft. 


dead  

15 

cc 

cc 

Total  

115 

- 

- 

Total  load  on  stringer  ==  115  x 2 x 21  = 4830  lbs.,  use  4x  14. 
For  outside  stringer  with  half  load,  use  3x14. 


F la  h. 


//3^ 
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Floor  Beam, 

Dead  load  at  Y = 4^  x 48.7  x 21.1  = 4621  lbs. 
“ I - 5 X 48.7  X 21.1  = 5137  “ 


u 

^ 

« 

% 

9 

« 

0 

'■3 

s n ! 

4 

3 

T3  //  3-  Z;,  ' 

j.  1 

< FiC^7  ^ 


ft.  lbs. 

M at  0=  1138  X 8 + 705  X 12  - 51820  x 1 - 34260 

“ 1^  = 1138x12  + 705x24  + 9207x4-51820x5  =191700 

“ 1 = 1138x17  + 705x39x9207x9  + 19420x5-51820x10=291413 

Max.  shear — R O = 48570 
0 1^=  39360 

I = 19940  for  2 tracks. 

1^  0 = 9000  for  1 track. 


291413  X 12 

Required  flano^e  area  at  I = 77— ^ 8.34  sq.  in.  Use  2 

^ 40.1  X 10450  ^ 

Angles  6 X 4 X zz:  8.36  sq.  in.  gross. 

Required  depth  at  1^=  1Q450  x 8^^  inches  effective. 

26.2  1.90  = 28.1  back  to  back. 


Bottom  flange  area  will  be  same  as  top. 
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Walk  Bracket. 


M = 2500  X 1 + 4905  x 8 + 2500  x 7 + 
700  X 7i  - 64490  ft.  lbs. 

fi44Q0 

Flange  stress  = ~Ys — 35800  lbs. 


Flange  area 


. ^ 35800 

required  = 


3.14 


square  inches. 

Use  .4  angles  3J  ^ ^-in.  web  plate. 


Tojp  Laterals. 


F I ^ \o. 


3aoo 


98 
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Bottom  Laterals. 


^ 1 >• 
^1  1 
•s-  ^ Zb  ^ 

^ 3o 

r i . ’ 

1 1 

X - 
/ \ 
^ 

v 

V ' 

X / 

\ r> 

/ \ 

\ ■ / 

\ 

\ / 

/ \ 

/ \ 

L 

/ 

\ / 

\ / 

\ / 

\ / 

/ \ 

/ N 

/ \ 

\ / 
\ / 

\ / 

\ / 

/ ^ 

/ \ 

/ \ 

/ \ 

\ / 

\ / 

\ 

4 

F » a u- 


Upper — 

6 rods 
‘2  “ 

2 “ 

8 “ 


Weight  of  Laterals  (Half  Span). 


I -in.  X 35  ft.  long 
1-in.  X 35 
IJ-in.  X 35  ‘‘ 

1 j-in.  X 35  ‘‘ 


- - - - 420 

- - - 189 

- - - - 238 

- - - 440 

1287 


MADISON  STREET  DRAW  BRIDGE  AT  PORTLAND,  OREGON. 


Lower 

4 

rods  1-J-in.  x 35  ft.  long 

- - - - 476 

2 

“ yf-in.  X 35 

- - - - 161 

2 

“ 1^-in.  X 35  “ 

- - - - 294 

2 

“ l|-in.  X 35 

- - - - 350 

2 

‘‘  1^-in.  X 35 

- 420 

3 

“ If -in.  X 35 

- - - - 735 

*2436 

Sways — 

8 rods  l~in.  x 26  ft.  long 
4 “ 30  “ 

4 “ 32 

4 " 37  “ 

8 “ li-in.x35  “ _ _ . _ - ii76 

2804 

2 Portals — 

8 angles  3 x 3 x x 27  ft. 

24  angles  2J  x 2|^  x J x 6 ft.] 

24  “ “ 3ft.) 

Details  _ _ _ - 


4 Top  Struts — 

16  angles  2|-  x 2 J x ^ x 25  ft. 
Details  _ _ _ _ 


4 Portal  Brackets — 

8 angles  3x3xjx8ft  - - 

8 angles  2J  x 2|-  x J x 3 ft.] 

4 “ 4 ft./ 

Details  - - - - . 


6 Sway  Struts — 

24  angles  2J  x 2J  x ^ x 24  ft. 
Details  _ . - - 


- - - 1317 

- - - 885 

- - - ’600 

2802 

- - - 1640 

- - 680 

2320 

- - - 320 

- - 160 

- - 320 

800 

- - - 2361 

- - 1020 


99 
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Dead  weight  per  lineal  foot  of  bridge — 

Paving  23 J ft.  wide  4^  in.  thick  @ 5 lbs.  = - - 470 


3-in.  plank  23^  ft.  wide  @ 3^  lbs.  = 23H 

6x8  wood  joist  @ 3J^  lbs.  --------  131 

Rails,  80  less  28  paving _ . . - 52 

Walk  plank,  17  ft.  x 2 in.  thick,  J-in.  open  joints,  114 
2 guards,  6x6  - --  --  --  --  --  21 

6 joist,  4 X 14  on  walk  --------  98 

2 - 3x14  “ 24.5 

Hand  rail  - --  --  --  --  --  - 60 

Steel  stringers  - --  --  --  --  --  264 

Floor  beams  -----------  140.8 

Lateral  system  - --  --  --  --  --  100.2 

Stringer  bracing  ----------  18.7 

Trusses  (assumed)  ----------  750. 


Total  dead  weight  per  lineal  ft.  - 2479. 


-X7^ 


p \ cr  n 
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Trusses. 


Assume  the  following  cases  for  loading  : 

(1)  Dead  load,  ends  simply  touching  supports 

(2)  Live  load  symmetrical,  continuous  girder,  4 supports 

(3)  Dead  load,  simple  span 

(4)  Live  “ “ “ 


I Combine. 
I Combine. 


Case  1. — Dead  load,  per  foot  of  bridge  = 2,479  lbs. 

“ “ “ panel,  per  truss  ~ 26,200  lbs. 

Case  2. — Live  load  symmetrical,  continuous  girder,  four  supports. 


: 

\ 3 

-e. 

-t, 

= i. 


f l(k  I 2). 


R1  = ^|h  ~ (H  + 2n  + 2n’‘)  K + {2n  + 2n^)  ^ 

Live  load  per  lineal  foot  of  bridge  = 3,300  lbs. 

“ “ panel  per  truss  = 34,800  lbs. 


t. 


F.t<3f  \4- 
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Max.  Reaction  R1  : 


Loads  at  b c d e f g 

2.293 

X 

34800  - 79800 

c d e f g 

1.494 

X 

“ - 52000 

d e f g 

.888 

X 

“ - 30900 

e f g 

.461 

X 

= 16000 

i g 

.191 

X 

" = 6650 

cr 

.049 

X 

“ = 1700 

•7i 


1Z5ZS7 


F t Or  15. 
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Max.  Reaction  R1  : 

Loads  at  b 
be 
bed 
b c d e 
b c d e f 
b c d e f g 

Case  3.— Each  arm  single  span.  Dead  load. 

Dead  load  per  foot  of  bridge  = 2479  lbs. 

<<  <‘  panel  per  truss  = 26200  lbs. 


.799  X 34800  = 27800 
1.405  X “ = 48900 

1.832  X “ = 63700 

2.112  X “ = 73500 

2.244  X - = 78100' 

2.293  X “ = 79890 
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Case  4. — Each  arm  single  span.  Live  load. 
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TABLE  OF  STRESSES. 


Combine  these.  Combine  these. 


Member 

Case  1. 

Case  2. 

Case  3. 

Case  4. 

Con 

Max. 

+ ' 

abined. 

Stresses 

1 

+ 14 

- 67 

— 67 

— 91 

14 

158 

2 

+ 14 

— 67 

— 67 

— 91 

14 

158 

3 

+ 95 

— 97 

—112 

-151 

95 

263 

4 

+ 95 

— 97 

—112 

—151 

95 

263 

5 

+ 195 

— 29 

— 72 

— 98 

195 

170 

6 

+ 182 

— 49 

— 93 

—118 

182 

211 

7 

+ 182 

— 49 

— 93 

—118 

182 

211 

8 

+ 276 

+ 73 

Q 

0 

319 

9 

+ 79 

+ 21 

0 

0 

100 

10 

+ 79 

+ 21 

0 

0 

100 

lOi 

—276 

— 73 

0 

0 

349 

11 

—286 

— 76 

0 

0 

362 

12 

—286 

— 76 

0 

0 

362 

13 

—145 

+ 72 

+ 100 

+ 135 

235 

145 

14 

—145 

+ 72 

+ 100 

+ 135 

235 

145 

15 

— 48 

+ 98 

+ 102 

+ 137 

239 

48 

lb 

— 48 

+ 98 

+ 102 

+ 137 

239 

48 

17 

— 20 

+ 104 

+ 102 

+ 138 

240 

20 

18 

— 21 

— 34 

— 21 

— 34 

0 

55 

19 

+ 52 

- 58 

— 53 

+ 9—81 

63 

134 

20 

+ 5.2 

0 

+ 5-2 

0 

5 

21 

— 80 

+ 32  — 32 

+ 17 

+ 51  — 27 

68 

111 

22 

— 21 

— 34 

— 21 

— 34 

55 

23 

+ 85 

+ 57  — 12 

+ 24 

+ 48  — 18 

142 

18 

24 

0 0 

+ 5-2 

0 

5 

25 

—107 

+ 5 — 88 

— 52 

+ 8—78 

8 

195 

26 

— 32 

— 52 

— 42 

— 52 

84 

27 

+ 119 

+ 135 

+ 100 

+ 132 

254 

28 

+ 2o 

+ 25 

+ 21 

+ 25 

50 

29 

+ 5.2 

0 

+ 5.2 

0 

• 5 

30 

— 21 

— 34 

— 21 

— 34 

55 

31 

+ 137 

+ 160 

+ 125 

+ 159 

297 

Proportioning  Members. 


No.  1 and  2 + 14000,  - 158,000. 

For  alternate  tension  and  compression  unit  - 

llTOoj  _.^xjes^|  ^ j ^200  lbs. 

~ 2 max.  greater) 

From  dead  weight  of  member.  | 21  50  x 21  x 12 

Stress  per  sq.  in.  on  outer  fibre.)  8 x 42  x 3 
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Allowable  unit  = 11200  - 260  ==  10940  lbs. 

^ 1 158000 

Kequired  sectional  area  = 14  4 so  in 

^ 10940 

Use  2 channels  12  in.  @ 25  lbs.  = 14.7  sq.  in.  gross. 

No.  3 and  4.  Stresses  are  + 95000  and  - 263000. 

For  alternate  tension  and  compression  unit  = 9734 
Less  for  dead  weight  270 


9464  lbs.  per  sq.  in. 

. -1  263000  ^ 

Required  sectional  area  = — = 27.7  sq.  in. 

Use  2 channels  12  in.  @ 30  lbs.  = 18  sq.  in.  gross. 

2 Pis.  Ilf  xf 9 " 

Total  - - 27  “ 

No.  5.  Stresses  are  + 195000  and  - 170000. 

^1  1 21 

For  all  compression  unit  is  13750  - 707p  where  - ^ ^ 5. 
Hence  “ “ “ -10215  lbs. 


From  dead  weight  of  member,  stress  per 

21x90x21x12 
sq.  in.  on  outer  fibre  = — 

Allowable  for  direct  compression  - - = 

For  alternate  tension  and  compression  unit 

16600  1 ^ 


470 


9745 


per  sq.  in. 


11700  1 


6282 


2 X 180000J 
From  dead  weicjht  unit  = 380 


Required  sectional  area 


Total  allowable  unit 
195000 


5902 


- 5902 

33.1  sq.  in.  gross. 


Use  2 channels  12  in.  @ 35  — 21  sq.  in.  gross. 
2 plates  llfxi_;i2  “ 


33 
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No.  6 and  7.  Stresses  are  + 182000  and  - 211000 
For  all  compression  unit  ==  10200 
Less  from  dead  weight  400 


9800 


For  alternate  tension  and  compression  unit 


11700|i 


165000 


I = 6973  lbs. 


I"  2 >=  204000 j 
Less  from  dead  weight  400  “ 


6573 


211000 


Required  sectional  area  - — - 32,1  sq.  in. 

Use  *2  channels  12  @ 35  = 21  sq.  in.  gross. 

2 plates  12x112.5“ 

33.5  “ 

Dead,  live  and  wind  for  No.  6 + 282000  and  — 281000 
“ “ ‘‘  “ ‘‘  “ 7 1 319000  and  - 311000 

Unit  for  above  = 6573  + oi  6573)  = 9858 
282000  ^ 9858  = 28.6  sq.  inches^  both  of  which  are  less  than 
319000  -f  9858  = 32.4  “ / for  dead  and  live  only. 

No.  8.  Stress  is  349000  lbs. 

For  all  compression,  2 square  ends,  unit  = 

10800  lbs.  per  sq.  in. 

Less  from  dead  weio'ht  ==  400  “ “ “ “ 


10400  “ “ “ “ 

Required  sectional  area  33.5  sq.  in. 

Use  2 channels  12  in.  @ 35  lbs.  = 21  sq.  in. 

2 plates  12  x i 12  “ “ 

Total  - - “ 

No.  9.  Stress  is  t 100000  lbs. 

1 24  1 

- 7.1  Unit  = 13750  - 642  - ^ 9130  lbs. 
r 3.5  r 

Required  sectional  area  _ — _ 10.6  sq.  in. 


Use  2 channels  10 


9130 

20  lbs.  12  sq.  in. 
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No.  10  is  same  as  No.  9. 


No.  lOJ  Stresses  - 849000  and  - 260000. 

Unit  stress  for  all  tension  11,700  | 1 4. 

( ^ max. ) 


11700  1 -f 


260,000 


349,000 


20830  lbs. 


« • 1 .*1  349000 

Required  sectional  area  - = 16.6  sq.  in. 

ZUooO 

Use  4 bars  4f  x | in.  = 16.6  sq.  in 

No.  11  and  12.  Stresses  are  - 362000  and  - 271000. 

min.  "1^ 


11700  1 


max.J 


20840 


„ . , 362000 

Required  area  - 17.3  sq.  in. 

20840 

Use  4 bars  5 x 17.5  sq.  in. 


No.  13  and  14.  Stresses  are  + 235000  and  — 145000. 
For  all  compression  unit  -- 10800  lbs. 

400  “ 


Less  from  dead  weight 


10400 

For  alternate  tension  and  compression  unit  = 


11700 


max^jess  I g280  lbs. 
zmax.  greater j 


Less  from  dead  weight  380  lbs 

7900  “ 

p • 1 .-1  235000  ^ 

Required  sectional  area  :z=  - = 29.6  sq.  in. 

Use  2 channels  12  @ 35  lbs.  = 21  sq.  in. 

1 Plate  18  X I 9 " 


Total  30  “ 


No.  15  and  16.  Stresses  are  239000  and  —48300  lbs. 
For  all  compression  unit  10400 
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For  alternate  tension  and  compression  ==  10620 
Less  from  dead  weight  400 


Required  sectional  area  - 


23B000 

10200 


10220 
22.8  sq.  in. 


Use  2 channels  12  @ 30  --  18  sq.  in. 


1 Plate  18  X 5.6 

Total  = 23.6 


No.  17.  Stresses  are  + 240000  and  --  20000. 
For  all  compression  unit  = 8660. 

232000 


Required  area 


= 26.8  sq.  m. 


8660 

Use  2 channels  12  @ 35  = 21. 

6.7 


1 PI.  18  X f 
Total 


27.7  sq.  in. 


No.  18,  22,  30.  Stresses  - 56000  and  - 19000. 

Unit  for  all  tension  = 10500  + — — ] — 14300  lbs 

I max.j 

o • 1 1 53000  „ ^ 

Required  sectional  area  = V/tonn  ~ ‘ 


Use  2 channels  8 


Hi 


14300 
: 6.6  sq.  in.  gross. 
4.5  “ net. 


No.  26.  Stresses  are  — 84000,  and  — 32000. 

Unit  for  all  tension,  14500  lbs. 

Required  sectional  area  = 5.8  sq.  inches. 

Use  2 channels  9 in.  @ 13J  lbs.  = 8 sq.  in. 

No.  20  and  24.  Stress  + 5200.  Use  2 [8  @ ll^  lbs. 

No.  19.  Stresses  are  + 63000  and  — 134000. 

Allowable  unit  9160  lbs. 

T?  • /I  1 131000 

Required  sectional  area  = — H.3  sq.  in. 

y J.  Dv/ 

Use  2 channels  9 @ 25  lbs.  = 14.7  sq.  in. 
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No.  21.  Stresses  are  + 68000  and  — 111300. 

Allowable  unit  --  7830. 

Required  sectional  area  = — 13.1  sq.  in. 

Use  2 channels  9 @ 25  lbs.  14.7  sq.  in.  gross. 

No.  23.  Stresses  are  + 142000  and  — 18000. 

Unit  for  all  compression  = 7950  lbs.  per  sq.  in. 

“ “ alternate  tension  and  compression  z::;  10900 

13  • 1 1 142000 

Required  sectional  area  ^ 17.7  sq.  in. 

/ y ou 

Use  2 channels  12  @ 30  lbs.  --  18  sq.  in. 

No.  25.  Stresses  are  + 8000  and  — 195000. 

Unit  for  all  tension  — 1170o|l  + _ 14620  lbs. 


max. ) 


^ . 195000 

Required  sectional  area  

' 1462U 

Use  4 bars  4J  x f ^ 13.5  sq.  in. 


13.3  sq.  in. 


No.  27.  Stress  = + 254000. 

L ?? 

r 5.6 


5 allowable  unit  z=  10540  lbs. 


Required  sectional  area  = 23  sq.  in. 

^ 10o40  ^ 

Use  2 channels  15  @ 33  lbs.  - 19.8  sq.  in. 

1 Plate  18  X ^ 4.5 


24.3 


No.  31  Stress  + 297000. 

297000 

Required  sectional  area  ^ 95  4,9 

Use  2 channels  15  @ 33  lbs.  --  19.8  sq.  in 
1 Plate  18  X -J_  7.9  - - 


27.7 
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No.  28.  Stress  = + 44000. 

1 28 

- = = 9 allowable  unit  7387  lbs. 

r 3.1 


Required  sectional  area 


44000 
""  7387 


6 sq.  in. 


Use  2 channels  8 @ 11^  lbs.  ^ 6.6  sq.  in. 


Weight  and  Quantities  in  bridge  above  turntable. 


2 Trusses 

@ 120140 

240280 

12  Floor  Beams  Intermediate 

2602 

31224 

2 “ “ End 

2100 

4200 

15  Panels  Stringer  Bracing 

394 

5910 

2 Lines  Stringer  15  in.  I @ 42 
4 15  in.  I @ 45 

|83952 

32  Walk  Brackets 

368 

11776 

Operator’s  Platform 

4384 

Top  Laterals 

2788 

Bottom  Laterals  , 

6635 

4 Portals 

5560 

18  Top  Struts 

10440 

12  Portal  Brackets 

2400 

2 Tower  Portals 

2780 

Sway  Rods 

3200 

Ladder 

500 

28  Railing  Posts 

48 

1400 

4 Trolley  Poles 

514 

2056 

2 Trolley  Struts 

738 

1476 

900  Hook  Bolts 

700 

120  Plain  Bolts 

360 

422021 

90  ft.  Gas  Pipe  Railing 
630  ft.  Lattice  Railing 
4 Cast  Iron  Newel  Posts 
Wood  Joist  11.1  M. 

Flooring,  etc.,  44.9  M. 

Wood  Block  Paving  4 in.  deep  825  sq.  yds.  - 29700  ft.  B.M. 
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Maximum  Stress  in  Thousands. 


- f 


f \Q  iS. 
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Diagram  of  Sizes. 


F I Cr 


Urn  ■>  4i-  *■  a 

et 

Walk:-  i3«|1e.<ier 

H-L  2\  i-i'xi-U 

P(-  U' 


2 C 
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Trolley  Support  at  End  of  Draw. 


lb 


F I C3r  Zo  . 
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Drum  (Soft  Steel)  ^27  ft.  Diam. 


Max.  Load  on  Drum.  Lbs. 

With  draw  dosed.— Live  load  3300  x 168  = 554400 
Dead  load..  2480  x 316=.:  783700 
Centre  platform  25000 


Total  load  on  drum  1363100 


Load  on  half  drum  681600 

Wind  57000 

738600 

^ load  on  drum  = 369300 

Load  on  Drum. 

Draw  open. — Dead,  2480  x 316  783700 

Snow,  800  X 316  252800 

Centre  platform  25000 

1061500 

Load  on  -J  drum  265400 

Wind  . 28500 

Max.  load  on  ^ drum  - 293900 


The  above  considers  1 foot  of  snow  all  over  bridge  and  walk, 
only  when  draw  is  open. 

Loading  beam  distributes  I load  of  bridge  on  two  points  about 
6 ft.  apart. 
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Consider  3 wheels  not  bearing.  Ihen  Drum  is  a girder  6 ft.  long, 
with  centre  Load  185000  lbs. 


6 


> 

0 

0 


3 


Hence  Required  Flange  Area  is  ^ — 90^  ” 

Use  2 angles  5 x 5 x 2 = ^ 

1 Cover  Plate  16  x J ^ 

Total  15 
Max.  Shear  185000  lbs. 

Web  Area  Required  = = 

Use  Plate  36  x i = 18  sq.  in. 

With  stiffeners  4 x 3 x i angles. 

Wheels,  say  20  in.  diameter. 

Circumference  of  Track  is  about  81  ft.  Hence  use  say  40  wheels. 
Allowable  pressure  on  wheels  per  lineal  inch  — 600 

1200  ^ d dead 

Total  Live  Load  554400  lbs. 

“ Dead  " = 808700  lbs. 

“ Lineal  inches  required  — 554400  2680  —207  inches. 

808700  - 5360=151  “ 

Total  358  " 

Hence  Face  of  Wheel =358  40— say  9 in. 
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Loading  Beam  ( Soft  Steel ). 
Max.  load  on  1 quadrant  of  drum —369300^ 


Inside  beam  A. — 

-ry  . 1 „ 369300 

Kequired  nange  area  = - ■ - - x 


12.3  sq.  in. 


2 ' 2.5  X 12000 

Use  2 angles  6 ^ 6 x A ==  12  sq.  in.  net. 

Web,  30  X reinforced  with  2 plates  f in.  thick  at  ends. 

Outside  beam  B. — 

M = X 0^  Assuming  beam  30  in.  deep,  then  flange 


area 


369300  X 6 or.  • 

2 X 2.5  X 12000  “ ' ^ 

J of  2 web  plates,  30  x a 0 gq 
2 plates,  20  x 1 __  10  “ 

2 angles  6x0xj  =:]6 


38 

Max.  shear  = 185000. 

Web  area  185000  -f  7000  26  sq.  in. 

= 26  sq.  in.  net. 

1 r.  T?i  -1  369300  x 2 

LGrder  U.—  t lange  area  reimired  ^ 

^ ^ 2 X 2.  X 12000 

Use  2 angles  6 x 0 x J I5  si].  m net. 

Shear  185000.  Use  2 pis.  28 


Use  2 webs,  30  x f 
15.5  sq.  in. 
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Turning  Gear. 

What  is  the  required  horse-power  to  turn  bridge  ? 

No  wind  acting. 

From  experiments  by  Mr.  A.  P,  Boiler  on  the  new  London 
drawbridge,  he  deduced  the  following  rule  : 


H.P.  = 


.Olwv  wliere  w = weight  of  bridge  pounds. 


550 


V = velocity  in  feet  per  second  at  rack. 
.01  X 973000  X. 67 


550 


11.8 


Velocity  assumed  for  end  of  draw  = 6 miles  per  hour  (average). 
This  turns  bridge  through  90  deg.  in  30  seconds. 

Extra  power  required  to  open  bridge  against  an  unbalanced 
wind  pressure  of  5 pounds  per  sq.  ft.  on  total  exposed  surface  of 
bridge. 

Wind  pressure  on  half  bridge  (one  end)  = 15  x 158  x 5, 

15  X 158  X 5 X 158 

••  Thrust  at  rack  = ^ ^ = 62400  lbs. 

13.5  X 2 

Length  of  quadrant  = 23.5  ft.  ••  Work  done  = 62400  lbs. 
X 23|^  =ft.,  lbs.  in  30  seconds. 


H.P.  = 


2 X 3B000 
Total  required  H.P.  -=  wind  22. 
Friction  and  inertia  11.8 


= 22. 


33.8 


Use  say  30  H.P.  General  Electric  motor,  wliich  will  stand 
overloading  to  about  twice  its  rated  capacity. 

Rack.  Proportion  this  for  capacity  of  30  H.P.  motor.  Work 
done  on  rack  23|^  ft.  long  in  30  sec.  = 30  x 33000  x 2. 


• • Thrust  on  rack 


30  X 33000  X 2 
23.5 


84000  lbs. 


Assume  this  thrust  of  84000  lbs.  resisted  by  2 teeth. 

42000  ‘‘  “ 1 tooth. 

For  cast  iron  1200  p.  f.  = 42000,  p.  and  f.  are  pitch  and  face  of 


rack! 


Assume  face  = 9 in.  Then  pitch  --  3.7  in. —circular. 
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Turning 
Hand  lever. 

/o 


Gear. 

Gears  A and  B go  with 
motor.  A has  14  teeth,  and 
4f  in.  diameter.  B has  67 
teeth,  and  22^  in.  diameter. 
Shaft  K-  is  3^  diameter  to  fit 
motor  boxes. 

Take  average  speed  of  mo- 
tor at  400  revolutions  per 
minute.  Then  shaft  R has  85 
revolutions  per  minute. 

If  bridge  opens  in  30  sec- 
onds, then  speed  of  shaft  T is 
11 J revolutions  per  minute. 
Therefore  required  speed  re- 

1 i.-  -85 

duction  IS  7.4. 

11.5 


Use  2 reductions  of  3.7  each. 
Then  if  we  assume  pinions  E and  C at  9 in.  diameter  each, 
gears  D and  F will  be  9 x S.7  = 33.3  in.  diameter. 

To  proportion  teeth,  use  the  following  formula  : W — 1200 
p.  f.  where  W = thrust  on  tooth,  p.  and  f.  are  pitch  and  face. 


Gears  are  steel.  C and  D have  1|^  in.  pitch,  4|-  in.  face. 

E “ F “ 2i  " 6 

G has  3f  in.  pitch,  9 in.  face,  15  in.  diameter. 
To  proportion  shafts,  use  the  following  formula  for  steel : 

3 I T 

Diameter  = ^ where  T ^ tortional  moment  in  inch  lbs. 

N Z2t\)yJ 

Hence  shaft  S — 4f  in.  diam.  Shaft  T ~ 6 in.  diam. 


Hand  Turning  Arrangement. 

Number  of  revolutions  of  pinion  required  to  open  draw  = 54 
in  30  seconds.  Number  of  revolutions  of  lever  required  to  open 
draw  = 5 J X 3.7  20. 
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Circumference  of  walk  = 10  x 2 x 7t  = say  60  feet. 

• • Distance  walked  in  opening  draw  = 60  x 20  = 1200  ft. 

If  man  walks  2J  miles  per  hour,  or  240  ft.  per  minute,  then 
time  required  to  open  bridge  by  hand  is  1200  240  = 5. 

Power  required  with  no  wind  blowing  is  11.8  H.  P.  to  open 
bridge  in  30  seconds. 


Hence  power  required  to  open  bridge  is  5 minutes 


11.8 

5x2 


1.18  H.  P.  = 1.18  X 33000  = 38900  ft.  lbs.  per  minute. 

One  man  can  push  50  lbs.  on  lever  while  walking.  Hence  1 
man  power  = 240  x 50  12000  ft.  lbs.  per  minute.  Hence  num- 


ber of  men  required 


38900 

12000"" 


say  3 men. 
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Turn-table. 


Fl  O'  17 


:>yoo^  poj 
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End  Lifting  Machinery. 


She/  3<tU  P/aie 

ySMShafi. 


£^nc/  F/oorScQf^ 


fl  - 

:z-:% 


Q 


I 

5 

>>1 


n 


F \Ce 
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Weight  of  Turn-table. 


2 Loading  Beam  16356 

2 ‘‘  “ 11218 

Drum  20572 

16  Drum  Struts  9056 

Machinery  Box  3871 

Bed  Plates  . 7288 

40  Wheel  Bods  1900 

4 X J Wheel  Bars  1360 

2 Centre  Discs  1360 

4 Loading  girders  5644 

Wt.  of  T.  T.  without  machinery  78625 

Rack  and  Track  25500 

40  Wheels  20  x 9 in.  18000 

Centre  Machinery  13900 

2 Sets  end  Machinery  15600 

73000 


3 electric  motors,  30  H.  P.  with  rigging  for  operating  same. 
Besides  these,  there  is  required  submarine  cables,  track  rails, 
operator's  house  in  tower,  signals,  gates,  etc. 

Summary  of  Weights. 

Bridge  proper  338000 

“ Joist  84000 

Turn-table  78600 

Machinery  73000 

Total  wt.  of  Metal=573600~^44  lbs.  per  sq.  ft.  of  floor  and  walks. 
This  weight  per  sq.  ft.  of  floor  agrees  very  nearly  with  my  formulm 
for  weight  of  drawbridges,  which  is  weight  per  sq.  ft.^- 
^ Total  Span 

Q 4-  t 


The  Madison  Street  Bridge. 

7 fixed  spans  (^,190  - - - --  1330  feet 

1 draw  span  -----  316  “ 

Total  length  -----  1646  “ 


HANDLING  DAYLIGHT 


W.  J.  Withrow. 


It  is  with  extreme  pleasure  that  I have  the  ]Drivilege  of  stand- 
ing: on  this  platform  once  more  after  the  elapse  of  over  a decade. 

Prismatic  lipPting,  to  the  consideration  of  whose  properties  I 
invite  your  attention  this  afternoon,  is  of  engineering'  interest,  not 
so  much  on  account  of  any  abstruse  calculations,  as  for  its  proved 
usefulness  as  a new  applicaticn  of  certain  well  known  laws  of 
Optics  to  the  practical  lighting  vdth  daylight  of  dark  interiors.  At 
the  risk  of  mentioning  a good  deal  that  is  familiar  to  you,  I will 
endeavor  clearly  to  outline  the  general  principles  governing  the 
use  of  this  light-bending  window  glass. 

As  you  all  know,  a light  ray  travels  in  a straight  line  through 
a uniform  transparent  medium,  such  as  air  at  a constant  density, 
but  alters  its  direction  on  passing  obliquely  into  a medium  of 
different  density.  This  may  be  well  represented  by  considering 
a company  of  soldiers  marching  on  even  ground  and  striking 
obliquely  the  edge  of  a ploughed  field.  The  end  of  the  company 
entering  the  soft  ground  first  is  held  back,  while  those  still  on  firm 
^Tound,  keeping  up  their  old  speed  of  marching,  swing  their  end 
ahead.  If  the  company  still  marches  at  right  angles  to  its  front 
it  now  moves  in  a new  direction,  more  nearly  at  riglh  angles  to 
the  line  of  demarcation  between  the  firm  and  the  soft  ground. 
The  greater  the  difference  in  the  ground,  the  greater  the  change 
of  direction,  and  the  sharper  the  angle  at  wdiich  the  company 
strikes  the  edge  of  the  soft  ground  the  greater  the  resultant  change 
of  direction.  On  moving  from  soft  ground  to  hard  again  the 
operation  is  reversed — be.,  the  first  files  out  move  faster,  thus 
swinging  the  company  around  more  nearly  parallel  wdth  the 
edge  of  the  soft  ground.  One  can  easily  imagine  the  company 
emerging  at  such  a sharp  angle  that  the  first  files  out  would 
swing  their  end  so  far  ahead  as  actually  to  double  back  into  the 
field.  This  will  be  referred  to  later  on  when  considering  total 
internal  reflexion  of  light. 
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Tliisy  tliougli  an  unscientific  demonstration  yet  clearly  illus- 
trates tlie  fundamental  law  of  Optics,  wliicli  forms  tlie  basis  of 
prismatic  lighting,  viz. — the  sine  of  the  angle  of  incidence  equals 
the  sine  of  the  angle  of  refraction  multiplied  by  a constant.  The 
particular  constant  for  any  two  bodies  varies  with  the  difference 
in  their  relative  densities  and  to  a minor  extent  possibly  with  their 
other  properties. 

In  Fig.  1.  I,  the  angle  of  incidence,  is  the  angle  between  the 
incident  ray  of  light  i and  the  perpendicular  A Z to  the  surface 


X Y of  contact  between  the  two  transparent  media  through  which 
the  ray  passes,  and  R,  the  angle  of  refraction,  is  the  angle  between 
the  refracted  ray  r Z and  the  same  perpendicular  A Z G produced. 

It  is  found  that  for  air  and  flint  glass,  such  as  is  used  in  the 
manufacture  of  prisms,  the  constant  a equals  1.53,  consequently 
the  refractive  power  of  this  glass  in  air  may  be  stated  thus — 
Sin  1 = 1.53  Sin  R. 

Or,  to  express  this  graphically,  see  Fig.  1.  In  the  ]dane  X Y, 
between  the  body  of  air  A and  the  body  of  glass  G,  at  the  centre 
Z,  describe  two  circles  X i and  Y r at  distances  relatively  of  1 and 
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1.53.  Let  i Z be  any  incident  ray  of  light  piercing  the  plane  X Y 
from  the  body  of  air  A at  the  point  Z and  cutting  the  circle  X i 
at  i.  Through  i draw  x i r'  perpendicular  to  the  plane  X Y,  cutting 
the  circle  Y r at  r'  and  the  plane  X Y at  x — then  r Z r'  produced 
will  be  the  direction  and  sense  of  the  refracted  ray,  i Z A the 
angle  of  incidence  and  G Z r the  angle  of  refraction,  and  Sin  i Z A 
■-=1.53  Sin  G Z r. 


A ray  of  light  passing  from  glass  to  air  would  require  the 
constant  a to  be  1.53,  and  investigation  would  show  that  on  passing 
through  a surface  parallel  to  the  plane  X Y into  the  air  again, 
the  ray  would  be  bent  back  to  its  old  direction.  This  is  what 
happens  with  plate  glass,  see  Tig.  2.  If,  however,  it  pass  out  of 
the  glass  through  a plane  inclined  to  the  first  it  will  assume  a new 
direction,  see  Tig.  3.  This  latter  is  what  happens  with  prisms. 


If  both,  surfaces  were  made  continnons  one  edge  of  the  wedge 
so  formed  would  be  very  thick,  and  the  whole  too  heavy  for  use 
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in  a window,  see  Fig.  5.  One  surface  of  a prism  plate  is  therefore 
made  in  a succession  of  inclined  planes  forming  a series  of  small 
wedges  instead  of  one  large  one.  By  increasing  the  angle  between 
the  two  surfaces  of  the  prism  plate  the  divergence  of  transmitted 


light  would  be  increased,  see  Fig.  4.  For  this  reason  prism  plates 
are  made  with  different  inclinations  varying  by  5°  in  the  several 
plates  of  the  series.  These  plates  are  made  4"  square,  as  larger 
sizes  cannot  he  sharply  moulded,  and  are  strongly  glazed  together 


in  copper  by  a patented  electrolytic  process  to  form  large  sheets 
of  any  required  shape. 

In  order  to  bend  incident  light  laterally,  two  complete  series 
of  prism  plates  are  manufactured  with  the  prism  tilted  up,  one  to 
the  right,  and  the  other  to  the  left,  at  an  angle  of  2214°.  By 
placing  a right  tilted  prism  on  its  side,  we  get  a left  tilt  of 
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asd  reciprocally  with  the  left  tilt  prism.  By  tilting  an  ordinary 
prism  plate  half  way  to  right  or  left,  we  obtain  45°  right  or  left 
tilts,  whereas  tilting  it  completely  to  right  or  left  we  get  right  or 
left  tilts  90°. 

With  this  range  of  prism  plates  and  certain  cases  of  using  the 
prisms  inside-ont,  light  from  any  source,  falling  upon  a window, 
may  be  directed  to  any  part  of  the  interior. 

Having  considered  the  theory  of  prisms,  we  will  now  consider 
their  application. 

Stand  any  place  in  a room.  Look  out  through  the  AvindOw. 
The  part  of  the  room  where  you  stand  is  primarly  lighted  from 
that  particular  part  of  the  outside  world  that  you  can  see.  If  you 
see  a dark  wally  you  will  be  in  the  dark — if  you  see  a bright  sunlit 
or  white  Avashed  wall,  or  generally  better  still — the  open  sky,  then 
where  you  stand  will  be  Avell  lit,  if,  of  course,  the  windoAV  space  is 
large  enough  for  tbe  room. 

This  primary  lighting  is  more  or  less  modified  by  light  re- 
flected to  you  from  any  particularly  well  lit  part  of  the  same  room. 
If  a bright  sunlit  pavement  outside  throws  a strong  light  on  the 
ceiling  near  the  windoAV,  the  reflected  light  therefrom  may  make 
the  whole  room  bright.  Or,  if  the  sun  shines  directly  through  tbe 
Avindow  for  a part  of  the  day,  the  interior  may  be  rendered  light 
throughout  by  refiection  from  the  spot  on  the  floor  or  wall  where 
it  shines,  or  by  radiation  from  a translucent  blind  or  window. 

Generally  speaking,  however,  the  sky  space,  as  seen  from  the 
AAundow,  is  by  far  the  brightest  source  of  light  available  for  illum- 
inating the  interior. 

If,  as  generally  happens — particularly  in  our  more  congested 
city  districts,  the  bright  sky  is  cut  off  by  some  obstruction  opposite 
the  Avindow,  such  as  a building,  trees,  etc.,  then  the  usefulness  of 
prisms  comes  into  play.  Here,  with  ordinary  Avindow  glass,  the 
bright  light  from  a more  or  less  confined  sky-space  above  falls 
bright  and  clear  upon  the  floor  immediately  inside  the  AAdndow, 
Avhere  it  is  mainly  absorbed  by  the  non-reflecting  carpet,  dark 
flooring  or  furniture,  and  the  rear  of  the  room  is  left  dark  and 
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more  or  less  gloomy,  see  Figs.  6 and  7.  If,  now,  tlie  window, 
frequently,  merely  the  upper  part,  be  glazed  with  prisms  of  a re- 
fracting angle  merely  sufficient  to  bend  the  light  from  the  sky  im- 
mediately over  the  top  of  the  building  opposite,  sending  it  hori- 
zontally or  slightly  upwardly  back  through  the  room,  then  all  the 
rest  of  the  light  from  the  sky  up  to  the  zenith  will  be  spread 
equally  along  the  rear  and  side  walls  and  across  the  floors  toward 
the  window,  giving  an  even  illumination  throughout. 

In  order  to  get  a satisfactory  result  in  each  case,  it  is,  of 
course,  necessary  to  instal  a sufficient  area  of  prisms  to  suit  the 
size  of  the  room  and  the  available  sky  space  outside. 


Fig.  Y. 


Some  of  the  reflnements  of  prismatic  lighting  which  may 
make  or  mar  its  efficiency — I shall  now  briefly  indicate. 

If  a very  high  building  opposite  has  a low  one,  or  none  at  all, 
close  to  right  or  left,  then  the  use  of  one  of  the  tilted  prisms  will 
draw  light  from  the  open  side,  bending  it  back  into  the  room  with 
greater  illuminating  effect  than  could  be  obtained  by  drawing- 
light  from  the  narrow  band  of  sky  seen  over  the  top  of  the  build- 
ing. If  the  space  above  is  extremely  narrow,  as  in  narrow  lanes 
between  buildings,  or  in  light  wells,  the  light  may  fall  so  steeply 
that  the  usual  vertical  window  intercepts  very  little  of  it.  In  this 
case  a canopy  of  prisms  is  hung  outside  in  front  of  the  upper  part 
9 
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of  the  window,  see  Fig.  8.  Any  of  the  various  forms  of  prisms 
mentioned  above  may  be  used  here  if  the  refracted  light  is  required 
to  be  thrown  merely  a short  distance  into  a room  to  light  desks  or 
other  articles  near  the  window.  Prisms  can  only  be  adapted  to 
refract  light  up  to  about  60“,  in  fact  anything  beyond  45 of  re- 
fraction begins  to  loose  in  brilliancy. 

If,  on  the  other  hand,  the  almost  vertically  falling  light  is 
required  to  be  thrown  horizontally  back  into  a room,  the  principle 
of  refraction  will  not  answer.  In  this  case  a form  of  prism  is  used 
in  which  the  light  entering  the  plane  surface  falls  upon  an  inner 


surface  at  such  an  angle  as  to  cause  its  total  reflexion.  This  sur- 
face will  reflect  with  all  the  brilliancy  of  a silvered  mirror,  throw- 
ing the  light  into  the  room  through  the  third  surface  of  the  prism. 

For  sidewalks  this  principle  is  adopted — the  Standard  prism, 
has  two  unequal  downwardly  projecting  prisms  of  unequal  angle, 
so  adapted  as  to  throw  light  falling  vertically  downward  inwardly 
toward  the  basement — the  unequal  points  being  introduced  to  pre- 
vent the  reflected  light  from  being  stopped  by  the  next  prism  point 
in  front.  See  Figs.  9 and  12. 

A later  and  better  form  is  the  Multiprism,  which  has  a single 
downwardly  projectmg  wedge,  having  its  reflecting  and  inward 
transmitting  surfaces  curved  so  as  to  cause  the  light  reflected  from 
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tlie  different  parts  of  tlie  surface  of  one  prism  to  successively  pass 
as  close  to  the  bottom  of  tbe  next  prism  as  possible.  These  prisms 


are  set  brick  fashion,  so  as  to  break  joints,  and  from  the  basement 
give  the  appearance  of  an  unbroken  sheet  of  light.  See  Fig.  10. 

Where  a stringer,  joist  or  other  inside  obstruction  on  the 
basement  ceiling,  prevents  the  pavement  prisms  from  throwing 
their  light  back  to  the  rear  of  the  cellar,  a curtain  of  window 


Fig.  10: 


prisms  of  slight  refractive  power  near  the  top  increasing  to  high 
refractive  efficiency  at  the  bottom,  is  hung  between  the  pavement 
prisms  and  the  cellar.  This  curtain  gives  a second  refraction  to 
the  light  from  the  pavement  illuminating  the  whole  interior  to  the 
rear.  This  form  of  curtain  works  well  in  open  areas  where 
traffic  does  not  necessitate  the  use  of  pavement  prisms. 
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All  tliese  prism  panels,  pavement  and  window,  li^ht  not  mere- 
ly the  space  in  front  of  them,  hut  fan-out  their  light  sideways  in 
exactly  the  same  proportion  as  the  sky  space  from  which  they  de- 
rive their  light  is  spread  laterally. 

In  the  case  of  window  prisms,  if  there  is  a heavy  overhang 
or  reveal,  the  upper  pnsms  would  be  over-shadowed  and  useless. 
In  this  case  the  prism  panel  is  either  hung  in  a separate  wooden 


Fig.  11. 


or  ornamental  iron  frame  out  near  the  front  of  the  wall  or  cornice, 
see  Fig.  11.  A more  recent  way  is  to  remove  the  upper  part  of 
the  window,  placing  the  prisms  in  a closed  frame  near  the  front  of 
the  wall,  and  uniting  the  bottom  of  the  prisms  with  the  deep-set 
lower  part  of  the  window  by  a transom  bar,  in  which  is  installed  a 
ventilating  device. 
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W.  E,  Foreman. 


The  subject  of  “ Air  Brakes  ” is  so  broad,  that  to  properly 
describe  it,  a detailed  description  of  each  part,  showing  the  im- 
provements that  have  been  made  in  each  during  the  last  few  years 
ou^'ht  to  be  ^iven.  But  as  I am  both  limited  by  time  and  space, 
a general  description  of  the  principal  systems  now  in  use  is  all  that 
can  be  attempted  at  present  Besides  the  general  description  I 
would  like  to  brin^’  before  you  for  consideration  a few  very  in- 
teresting problems  which  are  closely  connected  with  this  subject. 

The  Air  Brakes  ’’  has  quite  a long  history,  Avhich  forms  very 
interesting  and  instructive  reading.  Many  different  forms  of 
power  brakes  were  in  use  in  the  early  years  of  the  last  century. 
The  most  important  of  these  were  the  Chain  Brake,’’  and  the 
“Hydraulic  Brake.”  Then  in  the  second  half  of  the  nineteenth 
century  these  were  superseded  by  the  “ Vacuum  ” and  “Straight 
Air.”  And  again  a few  years  after  the  introduction  of  the  above, 
they  in  turn  were  also  displaced  by  the  Automatic  Vacuum  and 
the  Automatic  Air  Brakes.  The  latter  was  invented  by  Mr. 
George  'Westinghouse  in  the  year  1873,  just  four  years  after  the 
introduction  of  the  “ Straight  Air  ” brake.  From  year  to  year 
the  above  gentleman  patented  many  improvements  upon  this  latter 
form  until  it  reached  its  present  form  of  perfection. 

The  Vacuum  Brake. 

The  Vacuum  Brake,  which  at  one  time  was  the  greatest 
rival  the  Westinghouse  Company  had  to  contend  with,  but  which 
to-day  is  nearly  extinct  as  far  as  this  continent  is  concerned,  we 
will  consider  just  a moment.  In  principle  it  is  diametrically  oppo- 
site to  that  made  use  of  in  the  Automatic  Air  Brake.  The  prin- 
ciple upon  which  this  brake  operates  is  as  follows: — The  train 
pipe,  which  extends  the  full  length  of  the  train,  is  always  kept  free 
of  air;  and  when  an  application  of  the  brakes  is  desired,  the  air  at 
atmospheric  pressure  is  admitted  to  the  train  pipe,  and  sets  a valve 
in  such  a position  that  one  side  of  the  brake  diaphragms  is  directly 
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connected  to  a reservoir  from  wliich  the  air  is  exhausted.  The 
excess  pressure  on  the  other  side  of  the  diaphragm  which  is  exposed 
to  the  atmospheric  pressure,  forces  the  diaphragms  forward  and 
applies  the  brakes.  To  release  the  brakes,  the  air  is  a.o^ain  exhausted 
from  the  train  pipe,  and  the  valves  and  brake  diaphras^ms  take  or 
return  to  their  normal  positions. 

The  following  apparatus  comprise  the  Automatic  Vacuum 
Brake: — 

1.  The  ejector,  the  function  of  which  is  to  maintain  the 
vacuum  in  the  train  pipe  and  brake  diaphragms. 

2.  A continuous  train  pipe  line  with  hose  couplinj^s  between 
each  car. 

3.  Brake  diaphragms  from  which  the  air  is  exhausted,  causing 
the  pressure  of  the  atmosphere  to  force  the  rubber  disks  into  the 
iron  shell  and  set  the  brakes. 

3.  The  reservoir,  in  which  a vacuum  is  maintained,  and  into 
which  the  air  is  constantly  exhausted  from  the  diaphragms. 

6.  Finally  the  valve  which  forms  the  connection  between  the 
reservoirs  and  the  diaphragms.  Its  objects  are  to  control  the 
passage  of  air  from  the  brake  diaphragms  to  the  reservoir,  and 
partially  or  wholly  apply  the  brakes. 

In  Fig.  1,  is  shown  the  Fames’  Automatic  Vacuum  Brake, 
which  ranks  among  the  first  of  this  kind. 

The  “ Quick  Action  Automatic  Brake,”  whicli  is  a decided 
improvement  on  the  previously  mentioned  “ Automatic,”  was  first 
introduced  shortly  after  the  Master  Car  Builders’  braking  tests,  con- 
ducted at  Burlington  during  the  year  1887.  It  is  in  use  on  all 
railroads  in  America;  and  in  England  and  the  continent  it  is  fast 
driving  its  competitors  from  the  market.  The  Westinghouse  Com- 
pany have  equipped  by  far  the  largest  proportion  of  trains  with 
their  system.  The  Vew  York  Company  are  second,  while  the  per- 
centage of  cars  equipped  with  other  systems  is  so  small  as  to  be 
negligible. 

The  following  general  description  of  the  operation  of  the 
Air  Brake  will  apply  equally  as  well  to  the  Yew  York  Company’s 
as  to  the  Westinghouse,  since  the  apparatus  for  each  system  fulfil 
tlie  same  functions  and  only  differ  in  construction. 
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The  air,  compressed  by  the  pump,  is  first  delivered  into  the 
main  reservoir.  From  there  it  flows  to  the  en^ineer^s  valve;  thence 
through  the  train  pipe  to  the  triple  valve  on  each  car,  passing’ 
through  the  latter  to  the  storage  or  auxiliary  reservoirs.  During 
normal  conditions  of  running,  the  train  pipe  and  reservoirs,  ex- 
cepting the  main  reservoir  on  the  en^ne,  contain  air  under  a 
pressure  of  70  lbs.  per  square  inch.  With  the  en^neer’s  valve, 
changes  of  pressure  in  the  train  pipe  are  made,  causing  the  triple 
valves  to  operate  either  to  apply  or  release  the  brakes. 

Moving  the  handle  of  the  engineer’s  valve  a specified  distance 
permits  air  from  the  train  pipe  to  escape,  thus  reducins;  the  pressure 
therein.  This  reduction  of  pressure  operates  the  sensitive  triple 
valve,  which  then  allows  air  to  pass  from  the  auxiliary  reservoir  to 
the  brake  cylinder,  forcing  the  brake  piston  in  the  direction  to 
apply  the  brakes. 

To  release  the  brakes,  the  engineer’s  valve  is  moved  back  to 
its  running  position,  and  the  train  pipe  pressure  is  then  raised  to 
70  lbs.  per  sq.  in.  This  increase  in  train  pipe  pressure  causes  the 
triple  valve  to  reverse  its  position,  closing  the  connection  between 
the  auxiliary  reservoir  and  the  brake  cylinder,  allowing  the  air 
from  the  latter  to  escape  to  the  atmoshpere.  The  brake  piston 
then  returns  to  its  running  position,  and  the  brakes  are  thus 
released. 

The  Westinghouse  and  New  York  Quick  Action  Automatic 
Air  Brakes  consist  of  the  following  principal  parts: — 

1.  The  compressor  or  pump  which  compresses  the  air. 

2.  The  main  reservoir  in  which  the  compressed  air  is  stored. 

3.  The  engineer’s  equalizing  and  discharge  valve,  which  regu- 
lates the  flow  of  air  into  the  train  pipe  and  auxiliary  reservoirs  for 
charging  the  train  and  releasing  the  brakes,  and  from  the  train 
pipe  to  the  atmosphere  for  applying  the  brakes. 

4.  The  train  pipe,  which  leads  from  the  engineer’s  valve 
throughout  the  train,  supplying  air  to  the  auxiliary  reservoirs. 

5.  The  brake  cylinder  which  has  its  piston  connected  to  the 
brake  levers,  in  such  a manner  that  the  brakes  are  either  applied 
or  released  according  as  the  piston  moves  in  or  out. 
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6.  The  quick  action  automatic  triple  valve,  with  which  each 
car  is  equipped.  The  valve  controls  the  admission  of  air  from  the 
auxiliary  reservoir  to  the  brake  cylinder,  the  discharge  of  air  from 
the  brake  cylinder  to  the  atmosphere,  and  the  admission  of  air 
from  the  train  pipe  to  the  auxiliary  reservoir. 

7.  The  auxiliary  reservoir,  which  stores  upon  each  car  suffi- 
cient air  to  operate  the  brakes  upon  that  car. 

8.  The  pump  governor,  which  regulates  the  supply  of  steam 
to  the  pump,  automatically  stopping  the  supply  or  steam  when 
the  pressures  in  the  train  pipe  and  reservoirs  have  reached  tlie 
desired  point. 

9.  The  hose  couplings,  which  connect  the  train  pipe  of  one 
car  to  the  train  pipe  of  the  next. 

10.  The  duplex  air  gauge,  which  indicates  on  one  scale  the 
pressure  in  the  train  pipe,  and  on  the  other  the  pressure  in  the 
main  reservoir. 

11.  The  conductor’s  valve,  which  is  operated  by  that  in- 
dividual when  he  wishes  to  apply  the  brakes. 

Westinghouse  High  Speed  Brake. 

The  Westinghouse  High  Speed  Brake  is  another  form  or  modi- 
fication of  the  Automatic  just  described,  and  which  is  used  on 
trains  which  run  at  very  high  speed,  such  as  the  Empire  State 
Express  ” and  Congressional  Limited.”  This  brake  consists  of 
the  quick-action,  with  the  addition  of  an  automatic  pressure  re- 
ducing valve.  One  of  these  valves  is  connected  to  each  brake 
cylinder,  and  the  air  pressure  supplied  to  the  train  pipe  and 
auxiliary  reservoirs  considerably  increased.  In  ordinary  service 
application  the  valve  remains  inoperative,  unless  the  pressure  in  the 
cylinder  exceeds  a certain  fixed  limit  (usually  sixty  pounds),  when 
it  then  operates  to  discharge  air  from  tlie  cylinder  until  the  fixed 
limit  is  again  reached,  and  then  ceases  to  discharge  air  from  the 
cylinder.  The  reason  for  this  variation  of  the  brake  cylinder 
pressure,  is  that  at  high  rates  of  speed  greater  pressure  can  be 
exerted  on  the  wheels  without  causing  them  to  skid,  than  can  be 
exerted  on  Avheels  revolving  at  a low  velocity.  Consequently,  as 
the  speed  of  tlie  train  is  materially  reduced,  the  pressure  in  the 
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brake  cylinder  has  also  been  reduced.  We  have  thus  increased 
the  retardations  during  the  early  part  of  the  stop,  while  running 
no  danger  of  skidding  the  wheels.  Trains  can  be  stopped  by  this 
brake,  when  they  are  running  at  the  rate  of  sixty  miles  an  hour, 
in  about  450  feet  shorter  distance  than  when  they  are  equipped  by 
the  ordinary  Quick  Action  Automatic  Brake. 

The  triple  valve  is  the  most  important  link  in  the  whole  air 
brake  system.  On  it  we  depend  for  the  rapidity  of  the  application 
of  the  brakes.  If,  for  one  short  instant  it  fails  to  operate,  when 
required,  the  brakes  on  that  car  are  inoperative. 


The  triple  valve  has  undergone  many  changes  and  improve- 
ments before  it  reached  its  present  forms.  The  first  valve  was  in- 
vented by  Mr.  George  Westinghouse,  Jr.,  in  1872,  and  the  last 
shortly  after  the  Burlington  tests  in  1887. 

Before  describing  the  valve  we  must  understand  why  they 
are  called  triple  valves.  It  performs  the  triple  function  of  (1) 
Admitting  air  from  the  train  pipe  to  the  reservoir,  for  the  purpose 
of  charging  it  with  air  under  pressure.  (2)  Admitting  air  from 
the  reservoir  to  the  brake  cylinder,  for  the  purpose  of  applying 
the  brakes,  and  (3)  Establishing  communication  between  the 
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brake  cylinder  and  tbe  atmosphere  for  the  purpose  of  dischar£!;iniy 
the  air  from  the  brake  cylinder  and  releasing  the  brakes. 

There  are  two  Westin^honse  Triple  Yalves,  the  plain  Auto- 
matic, which  is  used  in  ordinary  service  applications,  and  the 
Quick  Action  Automatic,  which  is  desi^med  both  for  service  and 
emergency  applications.  This  latter  valve  is  simply  a 'plain  triple 


with  the  addition  of  a few  more  valves  whch  render  it  more 
efficient  in  emergency  applications  than  the  plain  triple. 

Fig.  3 is  a drawing  of  tlie  AYestinghouse  Quick  Action  Auto- 
matic valve,  with  its  parts  in  the  normal  running  position  with 
brakes  released.  If  the  ])art  p,  and  the  chambers  below  it,  s and  t, 
were  remo^'ed,  the  valve  would  be  transformed  into  a ydain  tri]de. 
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The  emer^’ency  parts  of  this  valve  are  then,  the  chambers  s and  t, 
the  piston  m,  and  the  valves  n and  o.  The  locations  of  the  pipe 
connections  to  the  train  pipe,  the  auxiliary  reservoir,  and  the  brake 
cylinder  are  clearly  indicated.  A piston,  a,  is  adapted  to  move 
backward  and  forward,  Avhile  its  stem,  b,  extends  forward  into  a 
somewhat  smaller  valve  chamber  containing  a slide  valve  c,  which 
is  loosely  confined  between  two  shoulders  upon  the  piston  stem. 
In  the  interior  of  the  slide  valve  c,  is  a small  poppet  valve,  d,  call- 
ed the  graduating  valve,  which  is  secured  by  a pin  to  the  piston 
stem  b. 

In  the  position  of  the  parte  shown  in  fig.  3,  the  compressed 
air  from  the  train  pipe  enters  through  the  passage  ways  and 
chamber  on  the  outer  side  of  piston  a (to  the  left).  Then  it  passes 
around  the  piston,  through  the  feed  grooves  h and  i into  the  valve 
chamber,  from  which  it  passes  directly  to  the  auxiliary  reservoir. 
This  reservoir  is  thus  kept  charged  with  air  at  the  same  pressure 
as  the  train  pipe  line. 

When  the  engineer  makes  a service  application,  he  reduces 
the  train  line  pressure  about  five  pounds  by  discharging  a portion 
of  the  air.  This  lessens  the  pressure  upon  the  outer  face  of  the 
piston  a,  and  the  excess  pressure  upon  the  other  side  forces  the 
pistom  to  the  left,  at  the  same  time  closing  the  feed  grooves  h and 
i,  thus  cutting  ofi  all  communications  with  the  train  pipe,  and 
simultaneously  withdraws  the  graduating  valve  d,  from  its  seat  in 
the  slide  valve.  The  shoulder  at  the  end  of  the  piston  stem  h,  then 
comes  in  contact  with  the  end  of  the  slide  valve  c,  which  is  there- 
after moved  along  with  the  piston  in  its  outward  progress,  which 
is  finally  arrested  by  contract  with  flie  stem  j.  Then  the  part  e is 
over  the  passageway  f,  and  the  air  from  the  auxiliary  reservoir 
has  a clear  passage  to  the  brake  cylinder.  The  part  e extends 
transversely  through  the  slide  valve  and  conducts  air  from  the 
auxiliary  reservoir  into  the  passageway  in  the  slide  valve,  which 
lias  now  been  uncovered  by  the  outward  movement  of  the  gradu- 
ating valve  d.  The  discharge  of  air  from  the  auxiliary  reser^mir 
to  the  brake  cylinder  is  accompanied  by  a reduction  of  the  air 
pressure  in  the  auxiliary  reservoir  and  the  valve  chamber  of  the 
triple  valve,  which  continues  until  the  pressure  is  slightly  lower 
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than  that  of  the  air  remaining  in  the  train  pipe,  and  at  the  chamber 
at  the  onterside  of  the  piston  a.  The  slight  preponderance  of 
pressure  on  the  outside  of  the  piston  causes  it  to  move  inwardly 
until  the  graduating  valve  d becomes  seated  in  the  slide  valve. 
The  piston  is  prevented  from  moving  any  further  by  the  frictional 
resistance  offered  by  the  slide  valve  and  its  seat.  UpoP  the  closing 
of  the  graduating  valve  d,  communication  between  the  brake 
cylinder  and  the  auxiliary  reservoir  is  shut  off,  and  the  brakes 
remain  applied  with  so  much  force  as  is  due  to  the  compressed  air 
which  has  already  been  admitted  into  the  brake  cylinder. 

If  the  engineer  finds  that  he  needs  more  braking  force,  he 
makes  a further  slight  reduction  in  the  train  pipe,  and  the  above 
operation  is  again  repeated,  admitting  a further  quantity  of  com- 
pressed air  to  the  brake  cylinder.  This  operation  is  called  gradu- 
ating, and  entirely  depends  upon  the  proper  working  of  the 
graduating  valve  d. 

The  above  description  applies  both  to  the  plain  and  the 
quick  action  triples  in  service  stops.  In  an  emergency  application 
of  the  quick  action  triple  a considerable  quantity  of  air  is  dis- 
charged from  the  train  pipe,  causing  a great  difference  between 
the  pressures  on  the  sides  or  faces  of  the  piston  a.  This  prepond- 
erance of  pressure  on  the  inner  face  of  the  piston  causes  the  piston 
a to  travel  outwardly  with  more  force,  compressing  the  spring  on 
the  stem  j,  until  it  is  arrested  by  the  end  of  the  chamber.  The 
passageway  p,  which  admits  the  compressed  air  above  the  piston 
m,  being  thereby  uncovered,  instantly  conducts  the  compressed 
air  from  the  auxiliary  reservoir  to  the  upper  face  of  the  piston  m, 
which  forces  that  piston  downward  and  thereby  opens  the  emer- 
gency valve  n,  as  shown  in  Fig.  4.  It  is  to  be  observed  that  at 
this  instant,  (1)  the  brake  cylinder  is  empty,  no  air  from  any 
source  having  yet  entered  it;  (2)  the  air  pressure  in  the  train  pipe, 
while  having  been  reduced  considerably  below  the  pressure  in  the 
auxiliary  reservoir  is  still  great,  and  has,  by  merely  lifting  the 
valve  o,  a capacious  and  unobstructed  passageway,  around  the, emer- 
gency valve  n,  into  the  empty  brake  cylinder.  Thus  the  air  from 
the  train  pipe  lifts  the  check  valve  o,  and  rushes  into  the  brake 
cylinder,  until  the  pressure  in  the  brake  cylinder  and  the  train 
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pipe  are  equalized.  Then  the  check  valve  closes,  shutting’  off  all 
connections  between  the  train  pipe  and  the  chamber  t.  The  air 
Avhich  has  been  admitted  to  the  brake  cylinder,  increases  the  avail- 
able brakiiijo;  force  which  may  be  obtained  in  the  brake  cylinder. 

The  effect  of  the  dischar^’e  of  air  from  the  train  pipe  into- 
the  brake  cylinder  of  the  first  car  does  not  merely  more  quickly 


and  powerfully  apply  the  brakes  on  that  car,  but  also  causes  a 
sudden  and  material  reduction  of  the  pressure  upon  the  outer 
face  of  the  piston  a,  on  the  next  car.  Thus  the  action  which  is 
described  above  is  greatly  accelerated  on  the  whole  train,  the 
first  triple  hastening  the  action  of  the  second,  and  the  second 
the  action  of  the  third,  etc.,  throughout  the  whole  train. 
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To  release  the  brakes  with  both  styles  of  triple,  the  train 
pipe  is  recharged  to  its  normal  pressure,  which  preponderance  of 
pressure  on  the  outer  face  forces  the  piston  a,  to  its  running  posi- 
tion. At  the  same  time  the  slide  valve  c,  is  carried  to  its  position 
for  running,  as  shown  in  Tig.  3,  where  a direct  connection  is 
made  from  the  brake  cylinder,  through  the  passageway  f,  and  ex- 
haust port  g,  to  the  atmosphere.  Thus  the  air  being  exhausted 
from  the  brake  cylinder  the  brakes  are  released. 

l^EW  York  Triple. 

The  ^Yew  York  Air  Brake  have  also  both  a plain  triple  and 
quick  action  triple.  Like  the  Westinghouse  they  are  both  auto- 
matic in  their  action. 

The  quick  action  triple  is  shown  in  Fig.  5.  The  quick 
action  parts  occupy  the  left  and  top  portions  of  the  drawing,  and 
remain  inoperative  under  ordinary  service  applications.  The  ser- 
vice parts  occupy  the  central  portion  of  the  drawing,  the  oper- 
ation of  these  parts  can  be  traced  on  the  drawing  which  clearly 
indicates  them. 

^^Eef erring  to  the  figure,  the  vent  valve  71  is  held  to  its 
seat  by  spring  132,  assisted  by  train  pipe  pressure,  and  can  only 
be  opened  when  piston  129  is  forced  to  the  left.  Quick  action 
valve  138-139  is  held  to  its  seat  by  spring  140,  assisted  by  the 
reservoir  pressure,  and  can  only  be  opened  when  piston  137 
moves  to  the  right.’’ 

“Main  piston  128  has  the  same  stroke  both  for  emergency 
and  service  applications,  but  is  extended  to  form  a cylinder  in 
which  piston  129  is  fitted.  Through  piston  129  is  a small  open- 
ing F,  allowing  the  train  pipe  air  to  pass  through  and  equalize 
■the  pressure  on  both  sides.  The  dimensions  of  this  opening  are 
such  that  when  the  main  piston  128,  moves  slowly  to  the  left, 
as  in  service  applications,  tlie  air  in  space  G will  be  forced  through 
opening  F without  disturbing  piston  129  from  its  position  shown.” 

“A  sharp  reduction  of  train  pipe  pressure  for  an  emergency 
stop  will  cause  main  piston  128  to  move  rapidly  to  the  left.  In 
this  case  air  from  space  G cannot  flow  througli  passage  F fast 
enough,  and  exerts  a inomentary  pressure  upon  piston  129,  strong 
enough  to  overcome  its  resistance  and  cause  valve  71  to  be  forced 
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from  its  seat.  This  allows  train  pipe  air  to  enter  the  passage  H 
and  escape  to  the  atmosphere  through  holes  J and  M,  while  at 
the  same  time,  it  forces  piston  137  to  the  right,  which  unseats 
valve  139  and  allows  the  full  power  of  the  reservoir  pressure 


to  he  instantly  effective  in  the  brake  cylinder  through  the  large 
passageways  K,  L,  and  check  valve  117.^’ 

“ Meanwhile,  as  passage  T is  always  open,  the  temporary 
pressure  exerted  by  the  air  in  chamber  G,  has  rapidly  lost  its 
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effect,  and  spring  132  has  returned  valve  71  to  its  seat,  thus 
stopping  the  escape  of  air  when  train  pipe  pressure  is  sufficiently 
reduced  to  properly  apply  the  brakes.  As  valve  71  closes,  it 
returns  piston  129  to  its  original  position.  Valve  139  and  piston 
137  have  also  been  returned  to  their  former  position^,  as  shown 
in  the  figure.’’ 

“ Restoring  the  train  pipe  pressure  causes  the  valves  38  and 
48  to  return  to  their  normal  positions  as  shown,  allowing  the 
auxiliary  reservoir  to  be  recharged,  and  the  air  to  escape  from  the 
brake  cylinder,  thus  releasing  the  brakes.” 

The  astonishing  and  almost  inconceivable  rapidity  of  the 
serial  recurrence  of  quick-action  triple  value  operation  may  be 
best  appreciated  by  comparison  with  the  rate  of  propagation  of 
simple  vibrations  through  a clear  and  quiescant  atmosphere.  The 
simplest  illustration  is  that  of  sound,  which,  under  ordinary  con- 
ditions, travels  at  the  rate  of  about  1,100  feet  per  second.  ■ The 
propagation  of  a sound  disturbance  to  a distance  of  2,000  feet 
in  a quiet  atmosphere,  requires  little  more  than  1.8  seconds. 
An  emergency  application  of  the  brakes  upon  a fifty  car  train, 
wherein  one  piece  of  mechanism  is  caused  to  operate,  thereby 
producing  an  impulse,  which  causes  a second  piece  of  mechanism 
to  operate,  and  so  repeated  through  fifty  mechanisms  with  succes- 
sive impulses,  is  serially  propagated  throughout  the  2,000  feet  in 
2.5  seconds.” 

The  increasing  use  of  heavy  and  high  speed  cars  in  street 
car  service,  seems  to  make  the  application  of  the  air  brake  even 
to  single  cars,  a logical  necessity.  Under  present  conditions  the 
manual  labor  and  careful  attention  required  by  the  hand-brake 
is  so  great,  that  the  motormen  are  not  able  to  retain  control  of 
their  cars  and  make  the  most  efficient  stops.  The  principle  of  the 
air  brake  has  been  successfully  adapted  to  the  street  cars. 

The  great  difficulty  in  applying  this  style  of  brakes  was  the 
securing  of  compressed  air.  The  air  was  finally  compressed  in 
two  ways,  first  by  attaching  an  eccentric,  which  worked  an  air 
compressor,  to  the  axle  of  the  car,  and  second  by  installing  on  the 
motor-car  a rotary  air  pump  driven  by  a motor.  In  the  first 
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method  about  forty  revolutions  of  the  car  wheels  suffices  to  fill  the 
reservoirs  with  air,  at  a pressure  of  32  pounds.  Having’  attained 
that  pressure,  a governor  automatically  cuts  off  in  such  a man- 
ner that  the  piston  stops  working  against  pressure.  The  motor- 
man  applies  the  brake  by  simply  turning  the  controlling  jcalve, 
which  allows  the  air  to  enter  the  cylinder.  Only  three  pounds 
of  the  storage  pressure  are  required  for  each  applica’tion.  When 
the  brakes  are  released  and  the  car  starts  again,  the  piston  once 
more  operates  against  pressure  to  restore  the  reservoir  pressure 
to  32  pounds;  but  by  an  automatic  device  this  does  not  begin 
until  the  car  has  gathered  headway.  Then  only  five  revolutions 
are  required  to  recharge  the  reservoir  to  its  normal  pressure. 

In  the  second  method  or  system  the  running  of  the  air  pump 
and  the  maintenance  of  the  reservoir  at  the  desired  pressure  is 
entirely  independent  of  the  speed  of  the  car.  The  pump  is  ck*iven 
by  a-  motor  which  is  supplied  with  electricity  from  the  trolley 
wire.  The  current  to  the  motor  is  automatically  turned  on  or 
shut  ofi  as  the  reservoir  pressure  drops  below  or  attains  tlje  de- 
sired pressure.  Besides  the  motorman  has  control  of  the  cuirent 
supply  to  the  motor  ifTlesired. 

An  important  subject  or  division  of  this  topic,  is  the  relations 
which  exist  between  the  various  forces  which  are  brought  into 
existence  by  an  application  of  the  brakes.  Some  of  the  problems 
which  we  will  now  discuss,  bearing  on  this  subject,  are;  first, 
the  transfer  of  weight  from  the  rear  to  the  front  truck  during 
an  application  of  the  brakes;  second,  the  transfer  of  a certain 
percentage  of  the  weight  borne  by  each  pair  of  wheels  of  a four 
wheel  truck  when  unbraked,  from  the  rear  to  the  front  A\dieels 
Avhen  the  wheels  are  braked;  third,  the  relation  between  the  brake 
shoe  friction  and  the  rail  friction;  fourth,  the  proper  angle  at 
which  to  hang  the  brake  shoes,  so  that  the  brake  shoe  pressures 
may  approach,  as  near  as  possible,  those  theoretical  relations  or 
values  which  we  will  determine  in  Problem  I. 

These  problems  were  first  discussed  by  Mr.  P.  A.  Parke, 
who  read  a paper  before  the  'New  York  Eailway  Club  in  1897, 
giving  his  views  and  solutions  of  the  foregoing  problems.  lie 
thus  proceeded  to  consider  and  solve  Problem  I. 
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Problem  I. 

To  determine  tlie  proportionate  weight  wliicli  eacli  truck 
sustains  during  an  application  of  the  brakes. 

We  will  represent  the  car  with  its  trucks  removed  by  Pig.  6. 
The  force  which  each  truck  exerts  upon  the  car  body  is  indicated 
by  an  arrow.  This  force  must  be  exerted  through  the  centre 
plate  of  each  truck.  In  this  case  we  are  considering  only  the 
case  where  the  brake  shoes  are  hung  from  the  trucks.  Brake 
shoes  are  so  seldom  hung  from  the  car  body  that  their  discussion 
is  not  very  profitable. 


Let  Pi  = the  supporting  force  from  the  forward  truck,  which 
is* of  course  the  same  as  that  portion  of  the  weight  of  the  car 
body  which  is  born  or  carried  by  that  truck. 

P2  = the  supporting  force  from  the  rear  truck. 

LI  = the  retarding  force  exerted  upon  the  car  bodv,  through 
the  centre  plates,  to  reduce  the  energy  of  the  car  body  due  to 
its  velocity  and  slacken  its  speed.  We  assume  that  the  braking 
force  applied  to  each  truck  is  the  same. 

Bi  — the  pull  upon  the  draw  bar.  This  quantity  is  generallv 
a positive  quantitv  when  the  car  is  empty  and  braked  to  its  fnll 
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capacity  and  a locomotive  attached  ahead.  Sometimes  this  force 
may  become  negative  when  the  cars  ahead  push  hack  upon  the 
draw  bar,  or  the  unbraked  cars  in  the  rear  are  pushing  this  braked 
car  into  those  ahead. 


D2  = the  backward  pull  on  the  rear  draw  bar.  This  may 
be  a positive  quantity  due  to  the  action  of  the  cars  ahead  or  may 
be  negative  due  to  the  action  of  the  cars  behind. 

Wi  = the  weight  of  the  car  body,  acting  through  the  centre 
of  gravity  of  the  car  body. 

1 = the  distance  from  centre  to  centre  of  the  trucks. 


k — the  distance  the  centre  of  gravity  is  vertically  above 
the  point  of  contact  of  the  truck  and  the  car  body. 

z = the  distance  the  centre  line  of  the  draw  bar  is  above  tlrs 
point  of  contact  of  the  car  body  and  the  truck, 
g = the  acceleration  of  gravity. 

p = the  negative  acceleration  or  retardation  due  to  an  appli- 
cation of  the  brakes. 


'Now  the  forces  acting  upon  the  car  in  a horizontal  direction 
are  Di,  D2  and  the  two  forces  H.  Therefore  the  total  effective 
resistance  to  the  forward  motion  of  the  car  body  is  2 H + D2 — T)i. 
Each  particle  of  the  car  is  subjected  to  a retardation  p,  and  thus 
the  total  retarding  force  is  equivalent  to  the  mass  of  the  car 

W ^ . 

body  multiplied  by  p,  or  an  imaginary  force  p,  acting  through 

the  center  of  gravity  of  the  car.  The  energy  of  the  car  due 
to  its  velocity  is  opposed  to  the  retarding  force  2 H + D2 — Ei ; and 

W . 

thus  the  force  p is  equal  and  of  opposite  sign  to  the  retarding 
force,  and  their  algebraic  sum  is  zero.  That  is 
2H  + D2 


^ W,  ^ W,  D,-  B, 


g 


(1) 


Taking  the  algebraic  sum  of  the  moments  of  the  forces,  real 
and  imaginary,  about  the  point  of  intersection  of  the  forces  11 
and  P,  at  the  front  centre  plate, 

P,1  + (D.  - D,)z  + ^pk  - W,  1 = 0, 
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From  which  we  2’et 


W, 


k 

I 


^2  = -^-^  - .p-(D,-D,)^ 


(2) 


Similarly  by  taking  moments  about  the  point  of  intersec- 
tion of  the  forces  H and  P2  at  the  rear  center  plate  we  get, 


k 

g 1 


.p  + (D,-D,)^. 


(3) 


hTow,  Di — D2  can  never  be  a negative  quantity.  And  z, 
even  if  it  is  negative,  is  always  very  small.  Therefore  from  the 
two  equations  for  Pi  and  P2,  it  is  evident  that  the  sustaining  force 
Pi  is  always  greater  that  the  sustaining  force  P2  during  an  appli- 
cation of  the  brakes.  Or  that  portion  of  the  weight  of  the  car 
body  supported  by  the  forward  truck  during  an  application  of  the 
brakes  is  greater  than  that  supported  by  the  rear  trucks. 


Therefore  to  avoid  skidding  the  wheels,  consideration  of  the 
rear  truck  which  bears  the  least  weight  is  only  necessary.  This 
brings  us  to  the  second  problem,  namely  the  conditions  which  pre- 
vail on  the  rear  truck  during  an  application  of  the  brakes.  To 
simplify  our  calculationis  we  will  let  'the  algebraic  difference 
Di — D2=  P.  Then  the  force  with  which  each  truck  retards 
the  car  body  is 


XT  W,  D 

H = - P + -,. 


Also  substituting  the  value  D for  Di — Da  in  equation  (2) 
we  get 


W,  k D z 

T 1 “ 2 I' 


(5) 


which  is  the  portion  of  the  weight  of  the  car  body  carried  by  the 
rear  truck  during  an  application  of  the  brakes. 


Problem  II. 

To  determine  the  conditions  existing  at  the  rear  truck  dur- 
ing an  application  of  the  brake. 
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The  skeleton  of  the  truck  is  shown  in  Ti^.  7.  The  various 
forces  which  act  on  the  truck  are  indicated,  and  defined  as  fol- 
lows:— 

Ri  = the  pressure  of  the  forward  pair  of  wheels  on  the  rails. 

Eg  = the  pressure  of  the  rear  pair  of  wheels  on  the  rails. 

Ti  = the  retarding  frictional  force  applied  by  the  rails  to  the 
forward  pair  of  wheels,  and  keeps  up  their  continued  rotation 
in  spite  of  the  friction  of  the  brake  shoes. 


T2  = the  retarding  frictional  force  applied  by  the  rails  to  the 
rear  pair  of  wheels,  and  keeps  up  their  continued  rotation  in  spite 
of  the  friction  of  the  brake  shoes. 

P2  = the  pressure  of  the  car  body  upon  the  rear  truck.  We 
obtained  the  value  of  thi^  in  Problem  I. 

TI  = the  force  with  which  the  car  body  drags  the  truck  for- 
ward. This  we  also  obtained  in  Problem  I. 

h = the  distance  between  the  point  of  contact  of  the  car 
body  and  the  truck,  and  the  top  of  the  rail. 

d = the  distance  the  center  of  gravity  is  above  the  top  of  the 
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b = the  base  of  the  truck. 

W2=  the  weight  of  each  complete  truck. 

Each  particle  of  the  truck  suffers  a retardation  p,  and  the 
total  retarding  force  absorbed  by  the  truck  is  equal  to  the  mass 

VV\ 

of  the  truck  multiplied  by  p or  — " p.  And  this  imaginary  force 

acts  at  the  center  of  gravity  of  the  truck  in  opposition  to  the 
retarding  forces,  and  must  be  the  equivalent  of  the  difference 
between  the  sum  of  the  retarding  forces  Ti  + T2  and  the  force 
H which  urges  the  truck  forward.  Thus, 


W 

T,  + T,-H  = — ^p.... 

O 


(6) 


ETow  taking  the  algebraic  sum  of  the  moments  of  the  real 
and  imaginary  forces,  first  about  the  point  of  contact  of  the  rear 
pair  of  wheels  and  the  rails,  we  get 

b b W., 

Hh  + W^  - +-^pd-RA  = 0. 

Then  taking  moments  about  the  point  of  contact  of  the  for- 
ward wheels  and  the  rails  we  derive — 

h b W 

Hh  - W,-  - P,  ~ + —^pd  -1-  R^b  = 0. 

o 

Substituting  in  the  last  three  equations  the  values  of  H and  P2 
already  determined,  the  equations  become  respectively: — 

W 1)  W 
T,  + T,-^p--=— ^p, 
o o 

W,  D,  b W,  b W,  k b ^zb  W,  , „ , 

^ph  + -h  + w,-+—  -p- -D-  + -ypd-R,b  = 0, 


W b 

R,b  + ^ph-h^^h  + — V-W,-  ^ 7.p.  z+dA  ; =0. 


Wi 


Jg-  Z g ‘ -2 

From  the  first  of  these  equations 


b K 

^ 9 


g 1 


z b 

T 


p = 


2Ti-f-2T,-  D 

w,  -I-  2w: 


■g- 


(7) 
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Again,  isnbstituting  in  the  second  and  third  of  the  above 
equations  the  value  of  p and  collecting  similar  terms,  we  get — 

W,(h  - ^)  + SW^d  [^i(t  “ 


2W.,d 


Wi  + 2 Wo 


(Ti  + T,)  + 


V 


Wi  + 2W, 


, bz\D 

+ ^-1)2 


+ (Wi  + 2Wo)-  -Rib=0. 


Rob  + W 


i(h  + - 


bk\ 


+ 2Wod 


W1  + 2W, 


(Ti  + T, 


+2W,dlR 


W1  + 2W2 


-(W1  + 2W2)-  =0. 


Solving  these  equations  for  Ri  and  R2  respectively,  sub- 
stituting for  Wi  + 2 W2,  the  complete  weight  of  the  car,  body 
and  two  trucks,  the  term  W, 


Ri  = — + 


"'■(s-t) 


+ 2W2 


W,- 


+ 2W, 


W 


(Ti  + T,)  + 


/h-d  z\ 

A b ~ Ty 


2W 


D 


Ri  and  R2  ar©  the  pressures  of  the  forward  and  rear  wheels 
upon  the  rails,  when  Ti  and  T2  are  the  retarding  frictions  exerted 
upon  the  wheels  by  the  rails,  and  D is  the  algebraic  difference  of 
the  pulls  on  the  forward  and  rear  drawbars. 

'Now  the  co-efficient  of  Ti+  T2  in  each  of  the  last  two  equa- 
tions, is  under  all  conditions  of  ordinary  service  a positive  quan- 
tity. Therefore,  the  sign  before  each  second  term  remains  unalter- 
able. Again  the  co-efficient  of  D is  also  a positive  quantity  and 
the  algebraic  sign  of  the  last  term  is  unalterable.  Under  certain 
conditions  the  value  of  the  co-efficient  of  D in  the  last  equa- 
tion, becomes  very  small,  but  does  not  become  negative.  When 
jy  is  zero  the  last  terms  disappear.  The  car  is  then  free  and  braked 
to  its  full  capacity.  In  this  case  it  is  evident  that  Ri  is  larger 
than  Rn.  And  the  sign  of  co-efficient  of  D remaining  unalterable 
Ri  is  evidently  gi’cater  than  Ro.  Therefore  we  conclude  that 
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under  any  conditions  when  the  brake  shoes  are  applied  with  the 
same  pressure  to^  each  pair  of  wheels,  the  rear  pair  are  the 
most  liable  to  slide  upon  the  rails;  and  thus  the  maximum  brake 
shoe  pressure  should  he  so  designed  that  the  rear  pair  of  wheels 
will  not  slide  when  the  brakes  are  applied. 

^v^ow  the  greatest  pressure  upon  the  rails  of  the  forward  pair 
of  wheels  which  at  all  times  and  under  all  circumstances  may  be 
depended  on  for  rail  friction  to  cause  continued  rotation  of  the 
wheels,  is  when  D = O. 


+2W2T 

b 


And  under  the  same  conditions  R2  is  a minimum  when  D is 
a maximum.  To  determine  the  maximum  value  of  D,  equation 
7 may  be  transformed  into  the  form 

D = 2T,  + 2T,-^p.,..  (9) 

D and  p are  the  only  variables  in  this  equation;  and  D will 
then  be  a maximum  when  p is  a minimum.  We  are  justified  in 
assuming  that  the  minimum  value  of  p is  zero.  Then  the  maxi- 
mum value  of  D is  2 Ti  + 2 T2.  This  occurs  when  the  car  is 
pushed  forward  from  a state  of  rest  with  the  brakes  fully  applied. 
Substituting  this  value  of  D in  the  equation  for  II2  we  get  the 
minimum  pressure  of  the  rear  pair  of  wheels  upon  the  rails.  The 
brake  shoe  pressures  must  be  designed  for  this. 


Equations  (9)  and  (10)  are  the  fundamental  equations  for 
determining  the  proper  brake  shoe  pressures  for  each  pair  of 
wheels.  The  rail  frictions  Ti  and  T2  which  are  obtainable  to 
prevent  skidding  of  the  wheels  are  proportional  to  Ei  and  E2. 
And  the  maximum  brake  shoe  pressures  upon  both  pair  of  wheels 
are  directly  dependent  on  the  values  of  Ti  and  T2. 

Of  course  it  is  customary  to  apply  the  same  pressure  to  the 
forward  as  to  the  rear  pair  of  wheels;  but  our  reasoning  shows 
that  a much  greater  pressure  could  be  applied  to  the  front  pair 
of  wheels  with  no  greater  danger  of  sliding. 
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Problem  III. 

Our  next  problem  is  to  find  the  relation  between  the  brake 
shoe  friction  and  the  rail  friction;  or  to  determine  tbe  maximum 
safe  brake  shoe  friction  upon  each  pair  of  wheels. 

Let  fi  = the  coefficient  of  static  friction  between  the  wheels 
and  the  rails.  ' 

Then  = bRi,  and  T^  = bRg, 

or,  Ri  = T , and  Rg  = y . 

Let  Fi=that  friction  between  the  brake  shoes  and  the 
wheels  which  is  necessary  to  cause  the  rail  resistance  Ti  upon  the 
forward  pair  of  wheels. 


r2=  that  friction  between  the  brake  shoes  and  the  wheels 
which  is  necessary  to  cause  the  rail  resistance  T2  upon  the  rear 
pair  of  wheels. 

In  Fi^y.  8 are  shown  the  forces  that  affect  the  relation  of  the 
forward  pair  of  wheels.  Ti  is  the  frictional  force  which  causes 
rotation  and  Fi  is  the  frictional  force  resisting  rotation,  and  is 
caused  by  the  brake  shoes.  Let  r be  .the  radius  of  the  wheel  and 
P be  the  distance  of  any  elementary  ma^s,  d M,  of  the  wheels 
from  the  center.  The  retardation  at  the  periphery  of  the  wheels 
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is  the  same  as  that  of  the  car,  and  the  retardation  at  the  distance 
P 

P from  the  centre  is  ~p. 


The  force  which  is  exerted  on  the  mass  d M to  canse  a retard 
ation  at  the  rate  -^p  is  d M -^p.  The  friction  Ti  must  be  suffi- 
cient to  produce  this  retarding  force  upon  each  elementary  mass 
of  the  pair  of  wheels,  and  also  to  cause  the  frictional  resistance 
Ti  at  the  rails.  IS^ow  taking  the  algebraic  sum  of  the  moments 
about  the  center  line  of  the  wheels,  we  get 

J clM^p  = 0, 

or  F,  = Ti  + ^ J dMp'* 


= T,  + M^;ip. 


In  the  above  equation  ri  is  the  radius  of  gyration  of  each 
wheel,  M represents  the  mass  of  both  wheels.  If  w = the  weight 

2W 

of  each  wheel,  then  M = — . From  careful  calculations  it  has 

been  found  that  the  square  of  the  radius  of  gyration  is  equal  to 
0.6  times  the  square  of  the  radius  of  the  wheel.  Substituting 
these  values  in  the  above  equation, 


^ _ 1 . 2w 

Fi  = Ti  + — — p. 


(il) 


Proceeding  to  consider  the  rear  pair  of  wheels  as  we  have 
the  forward  we  obtain  for  the  value. 


1 . 2w 

F2=T^  + — ^p. . 


The  value  of  p is  given  in  equation  (7)  whore 

2Ti  + 2T,  - D 


(12) 


(13) 


Since  we  desire  to  find  tlie  condition  which  exists  when  the 
weight  supported  by  each  wheel  is  a minimum,  we  will  consider 
the  values  of  Fp  and  F.  when  E,  and  E.  are  minimum  value^. 
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We  have  previously  shown  that  when  D = O,  Ri  is  a minimum, 
and  then  the  value  of  p is 

2Ti  + 2T.,  2TiH-2T., 

:Lor  or -fr 

Wi  + 2 W.f  W 

During  an  emergency  application  of  the  brakes  and  have  a 
fixed  value,  and  the  values  of  Ti  and  To  are  obtained  when  Ri 
is  a minimum,  from  the  following  equations. 

F.  = T.  + + T,) ; F,  = T,  + ^(T.  + T,) 


w 

Solving  for  and  we  get, 


W + 2.4W 

fi 

i 

(14) 

W + 4.8w  ■ 

W + 4.8w  '■ 

^ W + 2.4w^ 

2.4w 

(15) 

" W + 4.8w  " 

W+4.8w  '■ 

Substituting  these  values  for  Ti  and  T2  in  equation  (8),  bear- 
T 

ing  in  mind  that  Ri=y^,  equation  (8)  becomes 


(W  + 2.4w)Fi-2.4F2  W /Wj/h 


I w 


2\V.,d'|W(Fi  + F2) 

Wb  /w  + 4 . 8w 


(16) 


fi(  W + 4 . 8w) 

T^ow  when  Ro  is  a minimum  D is  a maximum,  and  p = 0. 
Therefore,  under  these  conditions  Fi  = Ti  and  F2  = To  obtained 
from  equations  (11)  and  (12).  Substituting  these  values  for  Ti 

and  T2  bearing  in  mind  that  R2  = -f“  equation  (9)  becomes, 

F,  W 


f. 


(17) 


Combining  equations  (16)  and  (17)  we  get  two  equations 
from  which  we  can  obtain  the  values  of  Fi  and  F2,  which  wdll  be 
the  maximum  brake  shoe  frictions  upon  the  forward  and  rear  pair 
of  wheels,  and  may  be  used  with  perfect  safety  from  wheel  skid- 
ding in  an  emergency  application  of  the  brakes.  . 


W 

Fi-fF,  = b- 


y (W  + 4 . 8\v) 


h-d 


-f  ■ 


y)+4.8w(2+  J+y) 

. (18) 
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and 


W 

F.-F,=  f,y- 


"’‘(*1;  i)  + t) 


/I  k + z\  /I  h-d  z\  /I  h z\ 

(19) 


So  far  we  have  determined  that,  first,  the  rear  truck  supports 
less  weift'ht  than  forward  truck,  and  the  rear  pair  of  wheels  less 
weight  than  the  forward  pair  during  an  application  of  the  brakes. 
This  led  us  to  the  conclusion  that  if  we  design  our  riggings  for 
the  brake  pressures,  the  front  wheels  of  each  truck  must  receive 
the  greater  pressures  than  the  rear  wheels. 


The  following  discussion  will  show  that  this  inequality  of 
brake  shoe  pressures  may  be  provided  for  by  the  proper  inclin- 
ation of  the  brake  hangers. 

Problem  IV. 

Fig.  9 represents  diagrammatically  the  action  of  the  brakes 
upon  each  pair  of  wheels  of  a truck,  when  the  brake  hangers  are 
in  line  with  the  tangent  to  the  wheel  at  the  centre  of  the  brake 
shoe.  The  same  pull  P is  applied  to  each  brake  beam.  The  brake 
shoes  exert  on  the  forward  pair  of  wheels  a downward  frictional 
force  Fi,  and  on  the  rear  pair  an  upward  frictional  force  Fo.  Flow 
with  whatever  force  the  shoes  act  downward  on  the  forward  pair 
of  wheels,  the  wheels  will  react  with  an  equal  and  opposite  force. 
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Similarly  tlie  rear  pair  of  wheels  will  react  wiin  an  equal  and 
opposite  force  to  F2.  Considering’  the  forward  pair  of  wheels, 
the  upward  force  Fi  is  directly  resisted  by  the  brake  han^’ers, 
which  are  now  under  compression  equal  to  the  force  Fj.  Simi- 
larly the  rear  brake  hanger  is  subjected  to  a tension  equal  to  the 
frictional  force  F2. 

Consider  now  an  exaggerated  case,  in  which  the  angularity 
of  the  brake  hangers  is  increased,  as  shown  in  Fig.  9.  Each  brake 
beam  is  subject  to  the  saint  pull  P.  When  the  front  brake  shoes 
have  been  brought  into  contact  with  the  forward  pair  of  wheels, 
the  force  which  is  brought  into  existence  by  the  friction  of  the 
two  surfaces,  tends  to  carry  the  shoe  upward,  along  the  surface  of 
the  wheel.  But  this  action  is  resisted,  by  its  brake  hangers,  on 
account  of  their  excessive  angularity.  Thus  there  is  a very  s^^rong 
tendency  to  force  the  forward  pair  of  wheels  away  from  the 
centre  of  the  truck.  This  tendency  of  course  is  resisted  by  the 
truck  frame  and  thus  a powerful  pressure  is  exerted  on  the  brake 
shoes,  in  addition  to  that  pull  exerted  by  the  brake  beams. upon 
the  brake  shoes.  In  this  way  the  brake  shoe  friction  Fi  is  mater- 
ially greater  in  this  case  than  that  in  Fig.  8,  where  the  angle  of 
the  hanger  is  such  that  it  exerts  no  influence  to  force  the  brake 
shoes  against  the  wheels. 

The  effect  of  this  angularity  of  the  brake  hanger  upon  the 
rear  pair  of  wheels  is  just  the  reverse  to  that  upon  the  forward 
pair.  The  reacting  downward  friction  of  the  rear  pair  of  wheels 
upon  the  brake  shoes  tends  to  force  the  brake  shoes  away  from  the 
wheel.  This  tendency  diminishes  the  frictional  force  which  re- 
tards the  velocity  of  the  wheels.  iSTow  if  the  angular  It  v is  so 
increased  that  the  brake  hanger  would  be  parallel  or  in  line  with 
the  pull  P then  the  frictional  force  practically  becomes  zero  upon 
the  rear  pair  of  wheels,  while  the  mere  initial  contact  betw^een 
the  brake  shoes  and  the  forward  pair  of  wheels  would  almost 
instantly  result  in  creating  such  a high  frictional  force  Fi  that 
the  wheels  would  immediately  be  locked  and  skidded. 

Therefore,  we  must  conclude  from  this  that  between  these? 
two  extreme  cases  or  limiting  values  of  the  angle  of  angularity 
it  is  possible  to  so  adjust  your  brake  shoe  hangers,  that  the  in- 
creased and  diminished  weights  supported  by  the  front  and  rear 
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trucks  will  be  taken  care  of  by  the  increased  pressure  on  tlie  for- 
ward wheels,  and  the  diminished  pressure  upon  the  rear  ones. 
Thus  we  may  proportion  the  frictional  forces  Fi  and  Fa  in  any 
way  desired  by  a proper  adjustment  of  the  angularity  of  the 
brake  shoe  hanger. 

It  will  also  be  observed  that,  if  in  Fig.  9 the  wheels  rotate 
in  the  opposite  direction,  what  has  been  the  rear  pair  of  wheels 
will  now  become  the  forward  pair.  At  the  same  time  the  effect 
of  the  inclined  hangers  upon  the  two  pairs  of  wheels  has  been 
reversed,  so  that  it  is  still,  under  the  reversed  conditions,  the 
leading  pair  of  wheels  which  is  subjected  to  the  greater  brake 
shoe  pressure,  and  the  rear  pair  which  is  subjected  to  the  reduced 
pressure. 

Thus  we  are  enabled  by  this  method  to  design  brakes  to 
meet  this  transfer  of  weight  from  the  rear  to  the  forward  pair  of 
wheels. 

The  following  description  of  the  general  action  of  railway 
brakes,  and  the  nature  of  the  frictional  forces  which  are  brought 
into  existence,  through  an  application  of  the  brakes,  is  to  some 
extent,  a repetition  of  the  discussion  of  Problem  I.  When  a train 
is  moving  at  a given  velocity  the  adhesion  of  the  wheels  on  the 
rails  cause  them  to  rotate.  Every  point  on  the  surface  of  the 
tire  moves  around  at  the  same  rate  as  that  at  which  the  train  is 
moving  forward.  But  every  such  point,  in  relation  to  the  for- 
ward movement  of  the  train,  comes  successively  to  rest  at  the 
moment  when  it  comes  in  contact  with  the  rail.  ITow  when  the 
brakes  are  applied  with  a slight  pressure  only,  the  wheel  continues 
to  move  round  at  the  same  rate  as  the  train  is  moving,  but  with 
more  difficulty.  This  increased  difficulty  in  moving  is  shown, 
either  in  an  increase  in  the  traction  force,  Avhich  is  required  to 
keep  up  the  forward  movement,  or,  in  cases  where  the  accelerating 
force  is  not  kept  up,  by  the  tendency  of  the  moving  mass  to  come 
to  rest  in  a shorter  time.  But  if  the  pressure  with  which  the 
brakes  are  applied  be  increased,  a ])oint  is  reached,  at  which  the 
friction  between  the  brake  shoes  and  the  Avheels  first  approaches, 
then  equals  and  finally  exceeds  the  adliesion  of  the  Avheel  to  the 
rail.  This  adhesion  corresponds  to  the  static  friction  Avhich  exists 
between  two  surfaces  at  rest.  Tlie  point  on  the  circumference 
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of  the  wheel,  which  is  in  mometary  contact  with  the  rail  is  at 
rest  during  that  instant.  Thus  we  apply  the  ordinary  equations 
for  static  friction  to  obtain  this  adhesive  force  between  the  wheels 
and  the  rails,  f^ow  when  the  friction  between  the  brake  shoes 
and  the  wheels  exceeds  the  static  friction  between  the  wheels  and 
the  rails,  the  wheels  first  begin  to  revolve  more  slowly,  and  finally 
cease  to  revolve  at  all  and  slide  along  the  rails.  In  this  case 
the  static  friction  between  the  wheels  and  the  rails  changes  to 
dynamical  friction,  or  the  friction  caused  by  one  surface  moving 
over  another.  The  coefficient  of  dynamical  friction  is  much  less 
than  the  coefficient  of  statical  friction.  This  has  been  proved  by 
experiment.  And  thus  the  retardation  in  this  case  is  much  less 
than  that  in  the  previous  one.  Therefore,  the  most  efficient  and 
the  quickest  stops  are  made,  when  the  friction  between  the  brake 
shoes  and  the  wheels  is  a little  less  than  the  friction  which  can  be 
obtained  between  the  wheels  and  the  rails. 

The  friction  between  the  brake  shoes  and  the  wheels  is  a 
variable  quantity,  depending  on  the  coefficient  of  friction  between 
these  moving  surfaces.  Captain  Galton  in  a series  of  exhaustive 
tests  and  trials  of  railway  brakes  during  the  years  1878  and  1879, 
succeeded  in  obtaining  the  relation  between  the  coefficient  of  fric- 
tion and  the  velocity  of  the  train.  As  the  velocity  of  the  train 
increases  the  coefficient  of  friction  decreases.  This  is  plainly 
indicated  in  the  following  table,  constructed  from  Captain  Gal- 
ton’s  experiments.  ! M ; ii  i ■ 


V. 

Coefficient  of  Friction  /. 

V. 

Coefficient  ^ 

OF  Friction. 

Calculated. 

Observed. 

Calculated. 

Observed. 

0 

..320 

.880 

45 

.120 

.127 

5 

.277 

.278 

50 

.118 

.110 

10 

.241 

.242 

55 

.111 

.111 

15 

.218 

.228 

00 

.105 

.074 

20 

.191 

.192 

05 

.099 

25 

.178 

.100 

70 

.094 

.SO 

. 158 

.104 

80 

.085 

85 

.140 

.142 

90 

.078 

10 

. 185 

.140 

100 

.072 

These  values  of  f can  only  be  used,  when  the  conditions 
are  the  same  as  those  under  which  these  trials  were  conducted, 
that  is  with  cast  iron  shoes  and  steel  tired  wheels. 
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Captain  Galton  from  a further  study  of  liis  experiments 
found  that  the  point  at  which  the  rotation  of  the  wheels  is  arrested, 
so  that  they  slide  on  the  rails,  depends  upon  the  amount  of  fric- 
tion between  the  brake  shoe  and  the  wheel,  the  weight  upon 
the  wheel,  and  the  condition  of  the  rails  which  govern  the  ad- 
hesion between  the  wheels  and  the  rails.  Therefore,  with  the 
same  weight  upon  the  wheels,  and  the  rails  in  a similar  condition, 
the  same  amount  of  friction  will  stop  the  rotation  of  the  wheels, 
no  matter  at  what  speed  they  are  revolving.  The  relation  then 
that  the  speed  has  to  this  subject  is,  as  stated  before,  that  as  the 
speed  increases  the  brake  shoe  pressure  must  also  be  increased  to 
make  up  for  the  decrease  in  the  value  of  the  coefficient  of  friction 
and  still  maintain  the  fricton  constant  or  a maximum. 

Another  feature  that  was  brought  out  by  these  experiments, 
was  that  as  the  duration  of  time  of  the  application  of  the  brakes 
increased,  the  friction  between  the  brake  shoes  and  the  wheels 
decreased.  This  the  above  experimenter  explains  as  follows: — - 
Each  surface  is  composed  of  a series  of  small  mountains  and 
hills  and  the  longer  the  surfaces  remain  in  contact,  the  quicker 
are  these  irregularities  worn  down,  and  thus  the  friction  between 
these  surfaces  will  at  the  same  time  decrease.’’  The  following 
table  illustrates  the  point  fully: 


Dynamic  Friction 
Cast  Iron  or 

Steel. 

Velocity. 

Coefficient  of  Friction. 

Ft.  per. 
Sec. 

Miles 
per  hour 

At  Com- 
mence- 
ment. 

After  5 
Secs. 

After  10 
Secs. 

After  15 
Secs. 

After  20 
Secs. 

.Inst  coming  to  rest 

1 to  3 

§ to  2 

.250 

When  moving  at 

10 

6.8 

.242 

“ 

20 

13.6 

.213 

.193 

25 

17.0 

.205 

.1.57 

.110 

“ “ ... 

30 

20.4 

. 182 

.152 

.1.33 

.116 

.099 

“ “ 

40 

27.3 

.171 

.130 

.119 

.081 

.072 

45 

30.7 

.163 

.107 

.099 

“ “ 

55 

37.5 

.1.52 

.096 

083 

.069 

u (; 

GO 

40.9 

.144 

.093 

.070 

“ “ 

70 

47.7 

.1.32 

.080 

.070 

88 

60.0 

.072 

.063 

.058 

It  is  evident  from  consideration  of  Table  I,  that  the  pressure, 
which  if  applied  would  stop  the  rotation  of  the  wheels  when,  the 
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velocity  is  great,  is  much  larger  than  that  required  to  stop  them 
when  their  velocity  is  small.  Thus  we  may  apply  to  the  brake 
shoes  at  the  beginning  of  the  application  of  the  brakes  when  the 
speed  is  high,  an  excessive^  pressure ; and  as  the  speed  slackens 
gradually  reduce  this  pressure,  so  that  there  Vv^ill  be  no  liability 
of  the  wheels  ceasing  to  revolve  before  the  train  is  brought  to 
rest. 

The  force  which  may  be  exerted  on  the  brake  shoes  besides 
being  dependent  on  the  speed  of  the  train,  is  also  dependent  on 
the  condition  of  the  rail.  The  condition  of  the  rail  affects  the 
coefficient  of  adhesion  between  the  rail  and  the  wheel.  And 
since  the  frictional  force  caused  by  the  brake  shoes  mu^t  not  ex- 
ceed the  friction  between  the  wheel  and  the  rail,  the  brake  shoe 
pressure,  which  may  be  used  is  dependent  upon  the  coefficient 
of  adhesion.  The  following  table  gives  approx  results  showing  the 
proportion  that  the  brake  pressure  should  bear  to  the  weight 
on  the  wheels  at  different  speeds  and  with  different  coefficients 
of  adhesion  for  the  rail  and  wheel  contact. 


Speed. 

Approximate  Ratio, 

Feet  per 
hour 

Miles 
per  hour 

Coef.  ofadhes. 
.30 

Coef.  of  adhes. 
.25 

I 

Coef.  ofadhes. 
.20 

Coef.  of  adhes. 
,15 

11 

7.5 

1.2 

1.04 

0,83 

0,60 

22 

15.0 

1.41 

1.18 

0.94 

0.70 

29 

20.0 

1.64 

1.37 

1.0!) 

0.82 

44 

34.0 

1.83 

1.53 

1.22 

0.92 

59 

4C.0 

2.07 

1.73 

1.38 

1.04 

78 

.50.0 

2.48 

2.07 

1.65 

1.24 

88 

GO.O 

4.14 

3. 47 

2.77 

2.08 

The  coefficient  of  adhesion  is  affected  by  the  condition _of  the 
rails.  In  wet  weather  and  with  a greasy  rail  the  coefficient  is 
small.  With  a dry  rail  the  coefficient  is  high.  If  sand  is  applied 
under  each  wheel  when  the  rail  is  in  its  worst  condition,  the 
coefficient  is  increased  to  near  the  value  it  has  when  the  rail 
is  dry. 

Tor  passenger  service  90%  of  the  weight  of  the  car^  when 
empty,  is  the  maximum  brake  force  allowable.  And  for  freight 
service  70%  of  the  weight  of  the  car  when  empty,  is  the  maxi- 
mum allowable  brake  force. 
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By  E.  Latham. 


There  is  perhaps  no  other  branch  of  railroad  engineering^ 
that  has  taken  such  great  strides  within  the  last  thirty  years  as 
signaling.  Its  growth  has  necessarily  accompanied  the  vast  in- 
crease of  traffic,  higher  speed  of  trains  and  the  multiplication  of 
grade  crossings,  both  highway  and  railroad,  the  latter  of  course 
being  the  most  important.  We  have  tO'  look  to  some  of  those 
splendid  systems  in  the  United  States  to  find  perhaps  the  most 
perfect  systems  of  signaling.  The  mileage  of  railroads  on  this 
(continent  is  necessarily  very  great,  hence  the  great  expense  of 
complete  signal  equipment;  yet  the  demands  of  traffic  have  war- 
ranted in  some  cases,  the  installation  of  the  most  modern  and 
expensive  apparatus  to  protect  the  trains  while  running  at  light- 
ning speed,  and  to  keep  them  so  spaced  that  there  shall  be  ample 
distance  in  which  they  may  be  brought  under  full  control  and  if 
necessary  to  a dead  stop,  in  case  of  derailments  or  accidents  ahead, 
and  so  avoid  collision.  Protected  in  this  way  we  have  trains  run- 
ning sometimes  within  sight  of  each  other  at  speed  greater  than 
a mile  a minute  without  the  slightest  danger  of  collision  (provided 
the  trainmen  are  in  their  proper  senses),  all  signals  being  visible 
day  and  night. 

The  problem  of  grade  crossings  have  been  greatly  simplified 
without  elevation  or  depression  of  tracks.  This  is  of  great  im- 
portance, especially  in  America  vdiere  there  are  so  many  even 
on  important  roads.  The  clumsy  and  costly  precaution  of  stop- 
ping a train  at  every  grade  crossing  is  now  done  away  with  by 
the  aid  of  interlocking  apparatus  and  signals,  with  the  greatest 
safety  and  success. 

The  first  expense  of  installing  these  interlocking  plants  is,  of 
course,  high,  involving  as  they  do  a system  of  signals  and  derailing 
apparatus  with  the  necessary  mechanical  connection  with  an  inter- 
locking tower,  and  there  is  the  secondary  and  constant  expense 
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of  manual  operation.  But  it  has  been  found  that  even  with  the 
lightest  traffic  on  single  or  double  tracked  roads  that  the  sum 
saved  annually  pays  a high  rate  of  interest  upon  the  investment. 

A great  deal  could  be  written  on  the  subject  of  signaling. 
It  is  not  in  its  highest  stage  of  development  and  so  far  its  funda- 
mental principles  are  not  by  any  means  numerous.  Experience 
has  taught  that  to  space  trains  by  time  is  vastly  inferior  to  spacing 
them  by  distance,  but  it  is  a strange  fact  that  only  about  fourteen 
per  cent,  of  the  railroads  in  America  use  the  latter  system,  the  rest 
using  the  former  or  some  modification  of  it.  The  idea  of  the 
‘‘space  inter\^ar’  system  originated  in  England  where  the  “time 
interval’’  system  also  was  in  use,  and  it  was  only  a short  time  after 
the  first  trains  were  run  under  the  space  interval  or  block  system 
that  practically  every  English  road  had  adopted  the  same  system. 
In  America  the  “time  interval”  system,  which  is  practically  a 
flagging  system  when  trains  become  disabled,  was  in  use  as  in 
England,  but  unlike  the  English,  the  “train  despatcher”  system  was 
introduced  as  an  intermediate  step  between  the  “time  interval” 
and  block  systems,  two  systems  which  vary  so  much  in  their  prin- 
ciples. It  is  a fact  worthy  of  note,  that  wherever  tlie  block  sys- 
tem has  been  introduced,  it  has  never  been  abandoned,  so  satisfac- 
tory have  been  its  results. 

In  this  paper,  no  attempt  will  be  made  to  exhaust  the  sub- 
ject, but  a sketch  of  English  and  American  practice  will  be 
drawn,  paying  more  attention  to  the  latter,  as  it  seems  to  show 
signs  of  higher  development  than  the  former,  although  the  Eng- 
lish still  hold  the  record  for  the  least  number  of  accidents  due  to 
false  signals.  The  fact  that  the  English  ideas  of  signaling  are 
far  more  conservative  than  American,  perhaps  accounts  for  the 
fact  that  there  are  practically  no  automatic  block  signals  in  Eng- 
land, while  in  America  they  are  becoming  numerous,  owing  to 
their  economy  and  satisfactory  results.  It  is  the  intention  of  the 
writer  to  compare  briefiy  the  English  and  American  practice 
after  the  principles  of  each  have  been  described,  so  that  the  rela- 
tive advantages  and  defects  of  each  may  be  noted;  the  reader  of 
course  being  at  liberty  to  judge  for  himself  from  remarks  made, 
which  seems  to  him  the  better  practice  of  tlie  two. 
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Manual  Block  Signaling. 

Manual  block  signaling  is  the  system  universally  employed 
by  English  double  tracked  roads.  The  system  was  introduced 
about  1853,  and  subsequently  parliament  passed  an  act  requiring 
its  adoption  by  all  important  passenger  lines.  The  consideration 
of  such  a system  means  a study  of  English  practice,  with  its  forms 
of  signals,  colors,  and  rules  of  operation. 

The  term  ^Tlock  signaling’’  is  applied  to  that  arrangement 
of  outdoor  signals  and  electuic  communication  by  which  two 
trains  may  be  kept  spaced.  In  other  words,  the  line  is  divided 
into  sections  or  blocks  whose  lengths  vary  with  the  necessities  of 
traffic.  Lines  with  heavy  traffic  or  great  frequency  of  trains,  have 
blocks  a mile  in  length  and  sometimes  less;  those  which  run  trains 
less  frequently,  have  sections  as  Jong  as  five  miles.  Only  one  train 
is  permitted  to  be  in  a block  at  a time  and  permission  to  enter  a 
succeeding  block  is  given  by  an  attendant  situated  in  a signal 
tower  at  the  beginning  of  that  block.  The  attendant  at  each 
block  cabin  keeps  watch  of  the  trains  passing  him,  records  the 
time  of  their  arrival  and  informs  the  attendant  at  either  side 
of  him.  He  sends  to  the  signal  tower  in  advance  a warning  that 
a train  is  approaching  and  to  the  tower  in  the  rear  the  assurance 
that  same  train  has  arrived  and  passed  his  cabin,  thus  authorizing 
the  latter  to  set  his  signals  for  a second  train. 

The  English  block  system  has  remained  practically  unchanged 
for  the  last  quarter  of  a century.  The  invention  of  new  mechani- 
cal ^docking”  devices  has  wrought  some  slight  changes,  but  the 
methods  have  remained  the  same.  A series  of  signal  cabins  or 
towers  placed  at  different  distances  (according  to  the  length  of  the 
block),  keep  the  trains  so  spaced  that  only  one  train  can  be  in  a 
block  at  once  (except  when  ^^permissive”  blocking  is  done).  These 
cabins  are  so  located  that  they  can  operate  switches  and  cross-overs 
from  , main  lines.  Aear  important  towns  and  junctions  they  are 
often  placed  within  sight  of  each  other,  as  the  distance  from 
switches  must  not  exceed  about  540  feet  in  the  case  of  split  switches, 
and  900  feet  in  the  case  of  throw  switches,  in  order  that  they 
may  be  workable.  When  once  a.  train  has  been  despatcdu'd  from  a 
town  its  running  is  left  entirely  to  the  cabin  operators,  so  that 
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safe  handling  depends  entirely  upon  the  Avatchfulness  and  obedi- 
ence to  rules  on  the  part  of  the  operators  themselves.  The  opera- 
tion of  one  signalman  is  contingent  upon  that  of  another  owing 
to  the  use  of  electric  locking  apparatus  -between  two  succeeding 
cabins,  and  by  having  electrical  communication,  both  may  act  in 
conjunction. 

When  operator  at  A wishes  to  send  a train  into  the  block 
section  A-B  by  push  button  and  bell  signal,  he  registers  ^Te 
ready’’  on  an  indicator  instrument  with  which  each  cabin  is  sup- 
plied, and  then  it  is  repeated  back  to  A,  whereupon  the  operator 
at  A gives  a description  of  train  by  bell  signal,  and  if  B is  ready 
to  accept  train,  he  puts  the  handle  of  his  instrument  in  the  posi- 
lion  meaning  that  he  accepts  train.  This  causes  indicator  at  A 
to  go  .to  ^line  clear,”  whereupon  A can  set  his  signals  at  ^^safety,” 
after  which  he  gives  a dial  signal  to  B,  showing  train  on  line, 
which  B acknowledges.  Such  messages  require  only  a few  seconds 
for  transmission,  so  that  the  fastest  flyer  may  proceed  from  block 
to  block  finding  signals  set  at  ^^safety”  for  each  block,  although 
normally  at  danger.  When  the  blocks  are  short  and  trains  fre- 
quent it  will  sometimes  keep  tlie  sianalmen  on  the  alert,  to  have 
their  signals  properly  set,  and  in  this  case  the  operators  are  per- 
mitted to  give  the  warning  ready”  in  advance,  so  that  the 
signals  may  be  ^^pulled  off”  considerably  in  advance  of  passing 
trains. 

Sometimes  more  than  one  train  is  permitted  into  a block  at 
one  time.  This  is  called  ^^permissive”  blocking,  and  is  only  prac- 
ticed on  busy  freight  tracks,  on  block  sections  in  large  cities.  The 
operator  A records  the  number  of  trains  he  has  allowed  into  the 
block,  and  operator  B recording  when  each  train  leaves  the  block, 
keeps  operator  A posted  as  to  how  many  trains  are  left  in  the  block. 

Form  of  Signals. 

Practically  the  only  form  of  signal  in  use  on  the  important 
lines  of  England,  are  of  the  semaphore  type.  Eor  main  line 
switches  a ground  disc  signal  is  used.  The  almost  exclusive  use 
of  the  semaphore  type  is  the  result  of  a joint  agreement  of  the 
roads.  The  Board  of  Trade,  which  has  power  from  parliament 
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to  control  in  some  respects  tlie  railroads  of  Great  Britain,  has  re- 
commended the  universal  employment  of  the  semaphore  type  and 
it  has  therefore  become  the  standard  signal  for  practically  all  lines. 

The  English  semaphore  differs  little  from  others;  the  blade 
or  arm  is  about  6 feet  long  and  9 inches  wide  throughout  there 
being  no  taper  to  the  arm,  unlike  the  American.  The  blades  of 
home  signals  have  square  ends,  those  of  distant  signals  have  fish- 
tail ends.  Those  for  low  speed  or  freight  tracks  are  distinguished 
from  those  for  high  speed  tracks  by  a white  circular  ring  on  the 
face  and  a black  one  on  the  back.  The  horizontal  position  of 
the  arm  is  taken  to  mean  ^^danger’’  or  “stop,”  while  the  inclined 
position  (at  45“  or  60“  with  the  horizon)  ^^safety”  or  “proceed.” 
When  there  is  nothing  on  line  these  are  set  at  danger  or  in  the 
horizontal  position,  or,  in  other  words,  the  “normal”  position  of 
the  semaphore  is  always  at  “danger.”  This  seems  to  be  a rule  of 
English  railroad  signaling  that  is  observed  on  every  road.  The 
block  signals  are  interlocked  with  main  line  switches  nearby,  the 
signal  cabins  being  so  placed  as  to  serve  the  purpose  of  interlock- 
ing towers  for  the  switches. 

Color  of  Signals. 

The  blades  of  the  home  and  distant  signals  are  painted  alike, 
red  on  face  with  a white  band  across  it,  and  white  on  back  with 
a black  band  across  it.  IsTearly  all  important  roads  have  adopted 
gTeen  for  safety  and  red  for  danger  for  night  signals.  Originally, 
white  was  the  standard  color  for  safety,  which  is  still  the  case 
on  the  majority  of  roads  in  America.  To  change  from  one  color 
to  another  means  a great  expense  to  a railroad,  so  it  would  have 
to  be  almost  a case  of  compulsion  before  such  a step  would  be 
taken.  The  fact  that  in  such  a densely  populated  country  as  Eng- 
land an  observer  at  night  would  see  nothing  else  but  white  lights 
is  the  reason  for  snch  a change.  It  was  found  that  a distinc- 
tive color  for  safety  was  required  so  that  the  engineer  would  not 
mistake  the  light  on  some  bridge,  or  in  a house,  for  his  safetv 
signal.  This  is  perhaps  the  strongest  objection  raised  to  the  use 
of  white  light  for  safety,  and  it  has  had  such  weight  with  manage- 
ments of  the  varions  roads,  that  in  spite  of  the  great  expense  in- 


168 


SIGNALING. 


Yolved,  they  have  one  and  all  abandoned  the  white  and  adopted 
the  green  light  for  safety. 

A second  reason  for  the  change  from  white  to  green,  lies 
in  the  fact,  that  it  was  the  custom  of  some  roads  to  have  their 
semaphores  show  a green  light  (meaning  caution)  in  large  stations 
and  busy  yards,  as  the  running  of  trains  through  these  parts  had 
to  be  done  with  the  greatest  caution.  The  arm  would  be  set  at 
^^safety’’  while  the  light  indicated  ‘^^caution.’’  In  the  country  the 
arm  would  be  set  at  safety  while  the  light  indicated  proceed.''^ 
This  inconsistency  led  to  the  belief  that  a signal  meaning  caution 
should  be  discarded  as  unsafe,  and  that  there  should  be  but  two 
signals,  ^^stop’’  and  ^^proceed,’’  and  if  caution  in  running  through 
certain  districts  be  required,  let  it  be  expressed  by  order  board  or 
written  order. 

Placing  of  Signals. 

The  position  of  signals,  so  that  they  may  be  viewed  with  ease, 
is  a problem  not  always  easy  to  solve.  The  shape  of  the  road, 
the  presence  of  cuts  or  blutfs,  will  present  difficulties  in  placing 
signals.  In  England,  railroads  run  exclusively  on  the  left  hand 
tracks,  and  this  practice  is  carried  on  to  some  extent  in  America. 
In  most  cases  the  signal  posts  are  placed  to  the  left  of  the  track 
they  govern,  the  arm  pointing  away  from  it.  This  is  the  rule, 
but  it  often  happens  on  curves  that  the  signal  post  governing  the 
left  hand  track  is  placed  on  the  right  of  the  railway  line,  making 
the  situation  rather  complicated  to  the  observer,  but  to  the  engine 
driver  who  knows  every  foot  of  his  road,  perhaps  this  is  of  little 
consequence.  He  of  course  can  remember  the  rule  that  all  signals 
governing  his  train  have  the  blades  pointing  to  the  left  from  the 
post.  This  rule,of  course,  is  of  use  to  him  only  during  the  day 
when  the  blades  are  visible,  but  at  night  he  has  to  be  on  his  guard 
and  know  the  peculiarities  in  the  placing  of  signals. 

Sighting  of  Signals. 

The  ^^sighting”  of  signals,  i.e.,  the  placing  high  or  low  that  they 
are  visible  to  the  engine  driver,  is  done  with  the  greatest  care  so  as 
to  get  the  best  possible  height  for  clear  vision.  Posts  as  high  as 
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fifty  feet  are  required  for  this  purpose,  and  even  then  it  is  some- 
times necessary  to  build  a back  ground  for  signals  in  order  to  make 
them  visible  day  and  night.  On  four  track  lines  and  near  junc- 
tions and  terminals,  where  there  are  numerous  parallel  tracks,  sig- 
nal bridges  spanning  the  tracks  are  constructed  higL  enough  to 
give  ample  head  room  for  brakesmen.  These  structures  are  built 
light,  usually  of  iron,  and  afford  the  best  means  of  placing  signals 
as  each  track  can  have  its  governing  signal  directly  over  it.  In- 
stead of  these  bridges  a cheaper  ‘stand  for  signals  is  found  in 
bracketed  posts,  a signal  being  placed  on  each  bracket.  This 
means  of  placing  signals  is  getting  away  from  the  simple  and 
natural  way  of  having  each  signal  directly  over  the  track  it  is 
intended  to  govern,  and  then  there  can  be  no  mistake  in  the  in- 
terpretation of  the  sigmals. 

Distant  and  Home  Signals. 

In  English  block  signaling  there  is  really  no  difference  be- 
tween the  home  and  distant  signal  as  far  as  the  position  of  the 
blades  and  color  of  lights  are  concerned.  The  distant  signal  has 
the  fish-tail  end  while  the  home  has  the  square  end.  At  night, 
however,  only  the  lights  are  supposed  to  be  seen,  and  red  and 
green  are  used  for  ^^danger’’  and  ^^safety’’  on  both  home  and  dis- 
tant signals.  If  an  engine  driver  finds  his  distant  signal  at  dan- 
ger he  knows  that  he  may  expect  to  find  the  home  at  the  same, 
and  slackens  speed  so  that,  if  necessary,  he  may  come  to  a full 
stop  without  passing  the  home  signal.  The  distant  sigmal  then 
is  simply  a forewarning  to  the  engine  driver  as  to  how  he  may 
expect  to  find  the  home  signal. 

The  home  signals  mark  the  end  or  the  beginning  of  the  block 
a] id  are  therefore  placed  opposite  the  signal  towers.  The  distant 
signals  are  placed  from  2,000  to  2,500  feet  in  the  rear  of  the 
liome  signals,  giving  sufficient  distance  for  the  speediest  and 
heaviest  trains  to  stop  before  passing  the  home  signal.  When 
permissive  blocking  is  done  the  train  is  required  to  come  to  a full 
stop  at  the  home  signal  and  is  then  allowed  to  proceed  on  verbal 
order  from  the  towerman.  When  the  blocks  are  short  (about 
■|  mile)  the  distant  signal  of  a block  is  often  placed  on  the  home 
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signal  post  of  the  block  in  its  rear.  This  is  found  convenient  and 
economical.  The  fact  that  a distant  signal  might  not  be  visible 
owing  to  the  lamp  being  out  or  burning  dimly  is  provided  for 
by  means  of  an  ■ apparatus  which  rings  a bell  in  the  cabin.  In 
foggy  weather,  torpedoes  are  placed  on  the  track  opposite  the  dis- 
tant signals  as  a warning  to  the  engine  driver  that  he  is  approach- 
ing the  home  signal. 

American  Block  Signaling. 

The  manual  blocking  just  described  is  practically  the  only 
system  of  signaling  in  use  on  English  railroads,  and  it  has  been 
found  to  be  the  only  practicable  one  suited  to  English  traffic  which 
necessarily  is  very  heavy.  In  America  different  conditions  pre- 
i^ail.  The  railroads  here  have  a great  mileage,  many  lines  have 
only  one  track,  some  two,  three  and  four  tracks.  Some  of  these 
run  through  country  sparsely  populated  as  well  as  through  thickly 
populated  districts,  so  that  we  often  find  more  than  one  system  of 
signaling  on  the  same  road,  the  system  being  more  complete  in 
the  thickly  populated  districts  than  in  the  open  country. 

Telegraph  Bloching. 

The  simplest  form  of  block  signaling  in  America  is  the  tele- 
graph block  system.  This  resembles  very  much  the  English 
manual  blocking,  but  has  not  the  same  degree  of  interlocking  of 
switches  and  signals  as  the  latter.  It  is  used  only  on  lines  of 
great  traffic  between  important  cities  where  trains  run  very  fre- 
quently. It  is  fast  being  superseded  by  the  automatic  system  as 
the  expense  of  operating  involved  , in  salaries  of  operators,  main- 
tenance of  apparatus  and  structures  is  great  compared  to  the  latter. 

The  track  is  divided  into  blocks  or  sections  varying  in  length 
from  one  to  four  miles.  Signal  cabins  are  placed  at  the  begin- 
ning of  each  block.  The  signals  operated  from  these  cabins 
authorize  trains  to  enter  the  va'^ious  blocks.  Figure  1 represents 
a block  section  with  the  home  signals  a & b.  A train  in  passing 
in  the  direction  A B is  permitted  to  enter  the  block  by  the  low- 
ering of  semaphore  arm  of  signal  a,  operated  by  the  attendant 
at  cabin  A.  If  arm  of  signal  a is  in  the  horizontal  position,  the 
engine  driver  knows  that  block  is  not  clear  and  awaits  until  it 
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is  lowered,  when  he  may  proceed  as  far  as  signal  b,  where  he  gets 
permission  to  enter  the  next  block  B-C.  After  train  has  passed 
cabin  A,  it  is  the  duty  of  the  attendant  at  A to  bring  his  sigmals 
to  danger — the  normal  position  of  all  home  signals.  After  train 
has  passed  B,  he  notifies  A,  so  that  he  (A)  may  lower  ,his  signals 
for  another  train. 

Signals. 

The  signals  are  of  the  semaphore  type,  with  the  arm  so 
arranged  as  to  give  three  positions.  The  arms  are  from  five  to 
six  feet  in  length  and  taper  towards  the  point  of  suspension.  The 
home  signals  are  painted  yellow  or  red  on  the  face  with  a band 
near  the  end,  and  white  on  the  back.  The  distant  are  painted 
green  on  the  face  with  white  on  the  back.  They  are  mounted 
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on  wooden  posts  usually  from  20  to  30  feet  high,  set  on  the  right 
hand  of  the  track  they  govern  with  the  blade  swinging  to  the 
right  of  the  post.  A counterweight  causes  blade  to  assume  the 
horizontal  position  should  the  wire  connection  between  the  cabin 
and  the  signal  post  break.  Distant  signals  are  used  as  an  indication 
of  the  position  of  the  home  signals,  being  fitted  with  white  and 
green  lights,  the  home  signals  showing  three  lights — red,  green, 
and  white.  They  are  placed  from  800  to  2,500  feet  from  the 
home  signals,  the  levers  operating  each  are  interlocked  so  that 
distant  signals  cannot  be  thrown  to  safety  until  the  home  has 
assumed  the  same  position;  and  therefore  a home  signal  can  be 
thrown  to  the  danger  position  the  distant  must  be  thrown  to 
^‘caution. Where  blocks  are  short  it  is  found  economical  to 
place  the  distant  signal  of  a block  on  the  home  signal  post  of  the 
block  in  the  rear. 
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Figure  2 is  a sketcli  of  tlie  tliree  position  semaphore;  the 
semaphore  casting  is  so  constructed  as  to  carry  red  and  green 
lenses.  The  position  (a)  means  danger,  (b)  caution,  (c)  proceed. 
Positions  (b)  and  (c)  are  the  only  ones  assumed  by  the  distant 
signal.  Where  blocks  are  long,  it  is  often  desired  to  do  ^^permis- 
sive blocking,”  or  allow  more  than  one  train  in  a block  at  once. 
The  home  signal  is  made  to  assume  the  position  as  shown  in  (b), 
which  means  that  the  train  may  proceed  with  caution,  or  else 
the  signalman  may  leave  his  home  signal  at  danger,  and  use  a 
green  flag  (by  day)  or  light  (by  night)  to  allow  a second  train 
into  the  block. 


Single  Track  Blocking. 

^^ot  only  has  the  simple  telegraph  block  system  been  in  use 
on  lines  of  two  tracks  or  more,  but  also  on  lines  of  single  track. 
The  success  with  which  such  a system  has  met  seems  to  have  led 
largely  to  its  adoption  on  single  track  roads.  A system  of  signal- 
ing that  will  give  full  protection  to  trains  as  well  as  quick  hand- 
ling on  lines  of  two,  three  or  four  tracks  will  give  the  same  re- 
sults on  single  track  lines.  This  system  has  proved  a success  even 
when  stations  are  twenty  miles  apart,  provided  there  is  not  too 
great  a frequency  of  trains.  With  trains  running  every  hour 
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and  stations  not  exceeding  thirty  miles  apart,  this  system  has  been 
used  advantageously,  the  station  agents  under  the  direction  of  the 
train  despatcher,  performing  the  duties  of  signalmen.  The  train 
despatcher  arranges  the  spacing  and  crossing  of  trains.  Orders 
are  received  by  the  station  agents  who  must  operate  their  signals 
accordingly.  A train  having  reached  a certain  station,'  has  sema- 
phore set  at  clear,’’  so  that  it  may  proceed.  This  does  not  in- 
dicate that  the  block  ahead  is  clear,  but  merely  that  so  far  as  is 
known  by  the  agent  at  that  station,  it  may  proceed.  But  the 
engineman  having  received  duplicate  orders  from  the  train 
despatcher  can  proceed  to  the  next  station  or  side  track  where  they 
meet  and  cross  an  opposite  train  to  which  similar  orders  have  been 
given. 

The  signalman  at  each  block  station  is  required  to  keep  his 
block  signals  set  normally  at  danger,”  except  during  hours  when 
his  particular  signals  are  authorized  to  be  closed.  The  closing  of 
signals  is  only  done  when  there  is  a scarcity  of  trains.  Blocks  are 
thus  made  larger,  so  that  through  freights  and  passenger  trains 
may  be  allowed  to  pass  stations  without  slackening  speed. 

Forms  of  Signals. 

There  are  different  forms  of  signals  in  use  in  single  track 
blocking,  some  roads  having  designed  special  semaphores.  Those 
described  in  the  double  track  blocking  are  the  commonest.  Three 
phase  semaphores  with  the  horizontal  and  two  inclined  positions 
of  the  arm,  one  being  above  the  horizontal  are  in  use.  The  latter 
position  is  used  when  it  is  desired  to  do  permissive  blocking  (only 
done  of  course  with  trains  running  in  the  same  direction).  The 
latter  then  is  a cautionary  signal  and  means  proceed  with  caution. 
The  arm  is  inclined  at  60°  to  the  horizontal  in  both  the  caution 
and  clear  positions. 

Position  of  Signals. 

Each  set  of  signals  (home  and  distant)  is  placed  to  the  right 
of  the  track  so  trains  will  always  find  governing  signals  to  the 
right.  The  arms  are  swung  to  the  right.  Distant  signals  are 
placed  from  800  to  2,500  feet  from  home,  according  as  the  grades 
and  curves  rim  in  the  vicinity  of  the  block  station.  The  home 
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signals  are  often  placed  on  the  block  station  itself,  having  only 
one  home  for  both  directions  and  operated  from  inside.  The 
distant  signals  are  operated  solely  by  hand  power,  having  pipe 
and  wire  connections  from  a lever  to  the  signal  post. 

The  Controlled  Manual  Bloching. 

The  controlled  manual  blocking  nsed  in  American  practice, 
is  almost  identical  with  English  manual  blocking.  It  is  so  called 
because  the  operations  of  a signalman  at  one  end  of  a block  are 
contingent  upon  those  of  the  signalman  at  the  other  end.  This 
is  made  possible  by  the  use  of  electrical  apparatus  invented  by 
Sykes,’’  an  English  engineer.  Briefly,  the  apparatus  consists  of 
a series  of  electro  magnets  so  connected  with  the  levers  operating 
the  signals  at  one  end  of  the  block  (call  it  A),  that  the  levers 
operating  signals  at  the  other  end  of  the  block  (call  it  B)  control 
those  at  A.  In  order  that  a train  may  be  admitted  into  a block 
A-B,  the  permission  of  both  A and  B is  required.  Eor  example, 
when  A sends  a train  to  B he  at  once  places  his  signal  at  danger, 
and  it  is  impossible  for  him  (A)  to  release  that  signal  until  B 
unlocks  it,  and  B cannot  do  that  until  train  has  cleared  the  sec- 
tion. In  case  B should,  by  mistake,  try  to  unlock  A’s  lever 
before  train  had  cleared  the  section,  an  automatic  arrangement 
is  provided  so  that  A after  having  admitted  train  and  placed  his 
signal  at  stop,  cannot  unlock  his  signal  to’  ^^clear”  until  train  itself 
has  actually  passed  out  of  the  section.  This  is  done  by  running 
an  electric  circuit  controlling  A’s  lever,  through  two  or  three 
rail  lengths  of  track  just  beyond  B.  The  current  goes  from  the 
battery  to  one  rail  of  the  insulated  section  of  track,  thence  by  wire 
to  A’s  signal,  which  it  holds  ^flocked”  at  “stop”  by  energizing 
an  electro-magnet.  When  train  passes  over  the  insulated  rails  most 
of  the  current  passes  through  the  wheels  and  axles  from  one  rail 
to  the  other,  and  thence  back  to  the  battery  without  going  to 
tlie  electro-magnet  at  A.  'Ihis  demagnetizes  that  instrument 
SO  that  signal  may  be  cleared  for  next  train. 

The  automatic  arrangement  becomes  useless  if  permissive 
blocking  is  done.  There  being  two  trains  in  the  section,  the  first 
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one  will  release  A’s  lever  while  there  is  a second  train  in  the  sec- 
tion, thns  allowing  a careless  operator  to  clear  his  signals  for  a 
third  train. 

The  form  and  color  of  signals  are  similar  to  those  used  in 
telegraph  blocking. 

A full  technical  description  of  the  controlled  matiual  appar- 
atus may  he  found  in  the  Railroad  Gazette  of  August  24,  1900. 

Automatic  Bloch  Signaling. 

The  manual  system  of  block  signaling  is  the  most  expensive  of 
a]],  owing  to  the  cost  of  operating.  In  America  where  the  mileage 
of  railroads  far  exceeds  that  of  English,  it  is  not  surprising  to  find 
it  adopted  by  comparatively  few  of  the  roads  that  favor  the  block 
system.  It  is  only  in  use  over  small  sections  of  line  running 
through  a populated  country  between  important  towns.  The  man- 
ual system  here  referred  to  is  that  where  the  blocks  are  made 
short,  and  stations  for  sole  object  of  signaling  are  built  at  the  be- 
ginning of  each  block.  The  employment  of  an  attendant  night 
and.  day  at  every  station  is  an  expense  which  few  American  roads 
could  bear,  and  the  first  expense  in  establishing  these  stations 
for  the  sole  purpose  of  signaling  would  sink  many  roads  into 
ruin.  Even  the  lines  that  have  adopted  the  manual  system,  owing 
to  the  enormous  expense  have  been  deterred  from  placing  the 
block  signals  as  near  together  as  they  ought  to  be  for  convenient 
working.  In  consequence  of  the  excessive  lengths  of  the  blocks 
they  have  introduced  the  permissive  system,  virtually  suspending 
for  the  time  the  safeguards  of  the  block  system.  This  seems  to  be 
equivalent  to  throwing  away  a portion  of  the  money  spent  for 
the  erection  and  maintenance  of  plant. 

As  the  result  of  the  enormous  expense  attached  to  the  manual 
operation  of  block  signals,  various  automatic  devices  have  been 
invented  to  eliminate  the  employment  of  human  attendants. 
These  depend  upon  the  aid  of  electricity  and  compressed  air,  al- 
though elaborated  systems  have  been  devised  from  which  elec- 
tricity was  eliminated  altogether.  American  signaling  authori- 
ties claim  that  automatic  devices  to  replace  the  manual  operation 
of  signals,  afford  the  most  perfect  and  economical  means  of  spac- 
ing and  handling  trains.  The  automatic  system  is  the  outcome 
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of  necessity  arising  from  a great  mileage  with 
increasing  traffic,  with  a financial  inability  to 
employ  human  attendants. 

The  earlier  forms  of  automatic  signals 
depended,  for  communication  between  blocks, 
upon  wires  strung  on  poles.  Electrical  ap- 
paratus was  used  to  hold  a signal  at  the 
beginning  of  a block  at  “ danger  ” until  train 
had  cleared  that  block.  Owing  to  fact  that 
a train  might  break  in  two,  leaving  one  por- 
tion of  it  in  a section  while  the  other  had 
cleared,  the  track  circuit  system  was  adopted. 

Track  Circuit  System. 

Ir.  this  system  the  current  is  conducted 
by  the  rails  of  the  track  and  so  long  as  that 
current  remains  uninterrupted  the  signal 
is  held  at  safety  by  an  electro-magnet.  A 
train  entering  the  section  makes  a metallic 
connection  between  right  and  left  rails.  The 
current  being  interrupted  causes  signal  to 
change  from  safety  to  danger. 

Signals. 

Figure  8 represents  a form  of  disc  signal 
used  commonly  in  automatic  signaling.  It  is 
mounted  upon  a hollow  iron  post  about  six- 
teen feet  high.  It  consists  of  a disc  or  target 
D,  which  is  fixed  to  a vertical  spindle  on  the 
top  of  which  the  lantern  stands.  The  latter 
has  red  and  white  (or  green  if  white  is  not 
used  for  safety)  lenses  on  opposite  sides. 
The  spindle  is  connected  with  clockwork  (in 
box  B)  operated  by  a weight  which  hangs 
down  the  centre  ol*  the  post.  The  weight 
has  to  be  wound  up  at  regular  intervals. 
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The  disc  D is  painted  red  on  hoth  sides,  and  when  set  with 
its  face  towards  the  engineman  means  ^^stop,’’  when  turned  with 
its  edge  towards  the  train  means  all  clear.  Sometimes  a second 
disc  fixed  to  the  spindle  and  at  right  angles  to  the  red  disc  is  used. 
This  is  painted  white  (or  green  if  white  is  not  used)  on  both  sides 
and  indicates  ^^all  clear.’’ 

The  clockwork  is  governed  by  an  electro-magnet.  As  the 
cun'ent  ceases  the  clockwork  is  allowed  to  move  until  the  spindle 
has  been  turned  through  a quarter  of  a revolution.  In  case 
the  clockwork  should  be  run  down  completely  and  by  chance 
leave  the  signal  at  ^^all  clear,”  the  current  is  made  to  pass  through 
a pair  of  springs  which  are  held  together  when  the  weight  is 
wound  up,  but  which  are  separated  when  the  weight  has  nearly 
reached  the  bottom;  so  that  just  before  the  clockwork  is  run 
completely  down  the  current  is  opened  and  signal  left  standing 
at  ''stop.” 

Positions  of  Signals. 

Home  signals  are  usually  placed  directly  at  the  beginning  of 
the  block  they  protect,  and  to  the  right  of  the  track  they  govern 
if  it  is  the  rule  for  trains  to  run  on  the  right  hand  track.  In 
order  that  the  enginemen  may  know  that  signals  are  working  pro- 
perly, a block  signal  standing  at  "all  clear”  is  made  to  change 
to  "danger”  when  the  train  is  within  200  feet  of  the  block.  The 
objection  sometimes  raised  to  this,  is  that  a misplaced  switch  might 
cause  the  signal  to  move  to  danger  just  as  the  train  was  entering  the 
section,  and  the  engineer  would  naturally  suppose  that  his  train 
was  the  cause  of  it.  On  the  other  hand,  where  signal  changes 
to  "danger”  after  train  has  entered  section,  there  is  no  check  upon 
the  working  of  the  signals.  To  station  brakemen,  on  the  rear 
end  of  trains,  to  observe  the  working  of  signals  is  attended  with 
too  much  difficulty  to  be  practicable.  But  in  any  case  where 
automatic  signals  are  used,  there  should  be  no  doubt  as  to  their 
efficiency,  as  experience  has  proven  that  care  and  close  inspection 
of  apparatus  warrant  the  assumption  that  dangerous  failures — 
the  greatest  of  which  is  failure  to  go  to  "stop”  when  train  enters 
a section — will  not  occur. 
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Arrangements  of  Signals. 

Figure  4 represents  an  arrangement  of  automatic  disc  sig- 
nals. In  this  system  the  - signal  stands  ^^normally’’  at  danger 
until  a train  enters  the  block  in  the  rear,  and  then  if  everything 
is  clear  in  the  block,  it  assumes  the  clear  position,  which  it  re- 
tains until  the  first  pair  of  wheels  passes  the  block  insulation  shown 
-[]-  when  it  assumes  the  ^^danger’^  position.  Train  A having 
passed  D,  H,  and  D2  holds  them  at  danger,  but  since  the  clearing 
section  of  II2  has  been  entered  the  signal  H2  stands  at  safety. 
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Train  B has  entered  the  clearing  section  of  D5  and  H5,  but  a 
broken  rail  shown  -(  )-  in  advance  holds  them  at  danger,  for  which 
reason  train  B will  stop  upon  reaching  II5  and  then  proceed  with 
care  until  it  reaches  Dq  and  Hq,  which  are  in  the  clear  position. 
D7  and  IT7  naturally  stand  at  danger,  since  no  train  has  entered 
the  clearing  section  in  their  rear. 


Overlaps. 

Instead  of  providing  distant  signals  the  overlap  is  employed. 
By  an  overlap  is  meant  one  block  section  overlapping  another. 
The  overlap  is  about  2,000  feet  long  and  is  only  used  when  the 
^'normal  danger”  arrangement  of  signals  is  employed. 
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Figmre  5 represents  an  arrangement  of  signals  where  there 
are  no  distant  signals,  the  overlap  being  used  instead.  A signal 
occupies  the  danger  position  until  a train  enters  the  block  in  its 
rear,  and  then  if  everything  is  safe  on  the  block  and  overlap  in 
advance  it  assumes  the  clear  position,  which  it  retains  until  the 
first  pair  of  wheels  passes  the  block  insulation  shown  -[]-  near 
the  foot  of  the  signal  post,  when  it  resumes  the  danger  position 
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and  holds  it  under  all  circumstances  until  the  last  pair  of  wheels 
has  passed  the  overlap  insulation,  shown  -||~  heyond  the  next 
signal  in  advance.  The  signal  may  then  he  cleared  by  an  ap- 
proaching train  as  in  the  first  instance,  hut  will  otherwise  remain 
at  danger.  Train  A having  passed  S,  holds  it  at  danger,  hut  as 
it  has  entered  the  clearing  section  of  S2  and  nothing  intervenes 
in  advance,  S2  is  found  in  the  clear  position.  Train  B having 
passed  into  the  block  of  S4  holds  it  as  well  as  S3  whose  block  it 
has  not  entirely  left,  at  danger.  Under  ordinary  circumstances 
S3  should  be  in  the  clear  position,  since  there  is  no  train  in  ad- 
A'ance  of  it,  but  in  this  case  there  is  a broken  rail,  shown  -(  )- 
which  holds  S5  at  danger.  For  the  same  reason  Sg  is  in  the  clear 
position,  for  in  this  arrangement  of  circuits,  it  is  the  interruption 
of  the  circuit  in  the  block  immediately  in  the  rear  of  the  signal 
which  tends  to  clear  that  signal.  This  feature,  which  at  first 
glance  seems  singular,  is  consistent,  since  it  is  the  danger  in  ad- 
vance of  a signal  which  it  is  supposed  to  indicate.  Train  B will 
pause  upon  reaching  S5  and  after  waiting  a certain  number  of 
minutes  will  proceed  with  care  through  the  block  section  until  it 
reaches  Se,  when  its  course  will  be  clear. 

Wire  Circuit  System  of  Automatic  Block  Signals. 

Those  who  favor  the  wire  cu’cuit  system  claim  that  the  track 
circuit  is  not  so  scientific  as  the  former,  and  that  a broken  rail, 
although  serious  enough  to  cause  derailment,  does  not  affect  cir- 
(uiit  sufficiently  to  cause  a danger  signal.  The  wire  circuit  system 
operating  enclosed  disc  signals  is  perhaps  the  most  efficient  and 
reliable,  owing  to  the  simplicity  of  its  apparatus  and  to  the  fact- 
that  the  current  is  conducted  by  wire. 

Form  of  Signals. 

Figure  6 is  a cut  of  the  signal  itself.  It  consists  of  a hollow 
case  of  metal  or  wood  with  a white  glass  aperture,  and  painted 
black,  which  forms  a contrasting  color  to  white  (safety)  or  red 
(danger),  thus  forcibly  attracting  tlie  attention  of  the  engineer. 
Figure  7 represents  tlie  interior  of  the  case.  It  contains  an  electro- 
magnet which,  on  being  energized,  bolds  a i-ed  disc  (made  of  silk 
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INTERIOR  VIEW  OF  SIGNAL  CASE. 

"SAFETY.” 

POSITION  OF  SIGNAL  (BY  ELECTRO-MAGNETISM). 

7 

nis/ani 

1 ho  flistniit  arc  practically  the  same  as  the  lionic,  only 

the  discs  arc  groeii  instead  of  rod.  They  arc  iiicliidod  in  the  cii'- 


stretched  on  an  aluminum  ring)  up^  which  otherwise  would  fall 
down  owing  to  gravity  and  cover  the  glass  aperture  making  the 
danger  signal.  A white  reflector  is  shown  through  the  aperture 
Avhen  the  red  disc  is  drawn  up,  making  the  safety  signal.  The 
position  of  the  lamp  is  shown  in  Fig.  h.  During  the  day  it  is 
hung  below  the  glass. 
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cuit,  and  therefore  act  in  conjunction  with  the  home;  that  is,  a 
green  distant  signal  indicates  that  the  home  will,  or  is  likely  to 
he,  red.  A white  distant  signal  corresponds  to  a white  liome  sig- 
nal. They  are  placed  about  1,000  feet  in  advance  of  the  home 
signal.  By  a judicious  arrangement  of  these  distant  or  caution- 
ary signals,  no  home  signal  need  ever  be  made  visible  beyond  a 
few  hundred  feet. 

The  prominent  feature  of  the  enclosed  disc  signal  is  that  the 
moving  parts  are  protected  from  wind  and  rain  and  snow,  and 
therefore  can  be  made  light  enough  to  be  moved  by  an  electro 
magnet  of  moderate  size. 

Tlie  principle  upon  which  this  signal  is  operated  and  con- 
structed is  that  the  first  wheel  entering  a block  section  sets  the 
signal  at  danger,  and  at  the  same  time  breaks  an  electric  circuit 
in  such  a way  that  under  no  possible  contingency  can  the  signal 
again  show  safety  until  the  train  passes  out  of  the  block  section 
and  operates  a track  instrument  which  restores  the  circuit.  If  a 
wire  breaks  or  is  grounded,  or  two  wires  become  crossed,  the  sig- 
nal falls  to  danger  by  gravity.  The  failure  of  the  battery  or 
derangement  of  parts  always  brings  signal  to  danger.  In  other 
words  the  safety  position  of  the  signal  is  dependent  upon  an  un- 
interrupted circuit  through  the  magnets  of  the  signal  instrument 
in  the  case.  It  is  simply  the  attractive  power  of  electro  magnet- 
ism that  holds  the  signal  at  safety.  The  movement  of  signal  To 
danger  position  is  not  dependent  upon  the  action  of  force  such  aa 
the  unfastening  of  a mechanical  lock  or  opening  of  a valve,  but 
simply  by  the  action  of  gravity  on  the  interruption  of  the  electric 
current  from  a lack  of  force  to  hold  it  in  the  safety  position.  The 
safety  position  therefore  is  only  assumed  when  all  the  apparatus  is 
in  perfect  order  and  no  train  has  entered  the  section. 

Track  Instruments. 

Track  instruments  are  used  to  break  and  make  the  circuit, 
being  operated  by  the  wheels  of  passing  trains.  Two  are  required 
for  each  (simple)  block.  The  first,  called  the  ^Tlock’’  instru- 
ment, is  located  at  the  beginning  of  the  section,  and  is  constructed 
as  to  break  the  circuit  (when  operated  by  train)  so  that  the  home 
and  distant  signals  fall  to  danger  and  caution  respectively.  The 


SIGNALING. 


183 


second,  called  the  ^^clear’’  instrument,  is  placed  about  2,000  feet 
beyond  the  beginning  of  the  succeeding  section,  so  that  when  the 
first  pair  of  wheels  of  the  longest  train  has  operated  that  instru- 
ment (thus  closing  the  circuit),  the  whole  of  the  train  will  he 
out  of  the  first  section. 

^^Clear^^  Track  Instrument. 

Figure  8 represents  sectional  view  of  the  clear  track  instru- 
ment for  closing  the  circuit.  L is  a lever  or  treadle  operated  by 
a passing  train.  The  lever  being  depressed  at  track  end,  forces 


the  piston  S moving  in  an  air  chamber  D,  and  communicates 
motion  to  the  key  lever  A of  the  circuit  closing  apparatus.  The 
upper  and  lower  ends  of  the  air  chamber  are  connected  by  a 
post  X,  so  arranged  that  when  the  piston  is  forced  upwards  a 
portion  of  the  air  above  the  piston  is  forced  out  through  the  open- 
ing Y.  When  the  piston  has  risen  high  enough  to  cover  tlie 
opening  Y,  communication  with  the  lower  end  of  the  cylinder 
is  cut  ofi  and  the  air  remaining  in  the  u])per  chamber  forms  a 
cushion,  preventing  the  piston  from  being  thrown  forcibly 


184 


SIGNALING. 


against  the  top  cap.  Upon  being  actuated  by  the  lever  L its 
bevel  top  engages  a roller  on  the  arm  A,  which  forces  the  spring 
B to  a contact  with  its  anvil  C,  thus  completing  a circuit  between 
the  wire  connections  of  1 and  2. 

The  piston  having  been  raised  by  a passing  train  the  air  above 
it  is  driven  through  the  port  X and  enters  the  air  chamber  be- 
low the  piston,  thus  forming  a cushion  preventing  serious  shocks. 
B is  a valve  for  regulating  air  pressure,  The  lower  end  of  pis- 
ton rod  moves  in  closed  chamber  E.  Movable  plates  F attached 
to  the  levers  keep  this  opening  closed.  H and  G are  two  com- 
]')resser  rubber  springs,  so  that  hand  cars,  velocipedes  or  any 
Aveight  less  than  an  ordinary  car  wheel  Avill  not  operate  the  piston. 

The  track  instrument  just  described  is  used  to  close  the  cir- 
cuit, being  so  placed  as  to  allow  the  longest  train  to  have  cleared 
a section  before  the  signal  protecting  that  section  assumes  the 
clear  position.  The  ^Tlock”  instrument  is  alike  in  principle  and 
construction  to  the  ^Mear’’  track  instrument,  except  that  in  the 
case  of  the  former,  the  current  is  broken  when  leA^er  is  actuated 
by  the  wheels  of  a passing  train. 

Block  Signal  Circuits. 

Figure  9 shows  the  arrangement  of  battery  wires  and  instru- 
inents  for  operating  a simple  circuit.  D is  block  instrument 
(heretofore  described),  placed  at  the  beginning  of  the  block 
section.  B is  the  clear  track  instrument  situated  at  the  other 
end  of  circuit,  or  about  2,000  feet  beyond  the  beginning  of  the 
next  block.  B is  a relay  and  X the  battery,  both  of  which  are 
located  anywhere  within  the  block.  In  Fig.  9 (^)  tlie  circuit  is 
closed  and  signal  is  held  at  safety,  the  circuit  being  from  battery 
X wire  1,  anvil  E,  spring  D,  wire  2,  electro-magnet  S,  wire  3, 
contact  points  p,  p^  of  relay  B,  Avire  4,  electro-magnet  r,  wire  5, 
to  battery.  The  first  wheel  of  a train  entering  a section  operates 
the  block  track  instrument  breaking  the  circuit  between  spring 
T)  and  anvil  F,  demagnetizing  electro-magnets  r and  s.  Signal 
falls  to  danger  and  contact  points  p and  p^  are  broken.  When 
train  has  completely  cleared  the  block  track  instrument  D,  con- 
tact between  spring  T)  and  anvil  F is  restored,  but  as  circuit  is 
still  broken  at  points  p,  p\  the  signal  Avill  remain  at  danger  until 
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train  operates  clear  track  instrument  B,  which  energizes  electro- 
magnet r,  thus  completing  circuit  from  battery  X,  wire  1,  spring 
B,  anvil  C,  wire  6,  electro-magnet  r,  wire  5,  to  battery.  This 
closes  contact  points  p,  p^,  but  the  signal  still  remains  at  danger 
until  train  has  w^holly  cleared  the  clear  track  instrument,  on  ac- 
count of  the  fact  of  there  being  two  circuits,  one  through  the  clear 
track  instrument  and  relay  magnet  and  another  through  block 
track  instrument,  signal  magnet  and  relay  magnet.  As  the  re- 
sistance of  the  latter  is  much  greater  than  that  of  the  former,  the 
signal  will  remain  at  danger  as  long  as  clear  track  instrument 
spring  is  in  contact  with  its  anvil,  which  under  action  of  air 
cushion  previously  referred  to  is  continuous  during  passage  of 
train  at  ordinary  speed. 

Switches  in  Signal  Circuits. 

Any  number  of  switches  may  be  included  in  a circuit.  A 
misplaced  switch,  that  is  a switch  set  for  a siding,  causes  a break 
in  circuit  by  operating  a switch  instrument  similar  to  the  track 
instrument.  This  causes  signal  to  fall  to  danger,  and  as  long 
as  the  switch  is  misplaced  the  signal  cannot  be  cleared. 

Single  Track  Blocking  with  Disc  Signals. 

The  use  of  automatic  disc  signals  as  described,  is  calculated 
for  two  tracks  where  trains  run  always  in  the  same  direction  on 
the  same  track.  They  may  be  used  equally  well,  however,  for 
single  track  blocking.  The  block  sections  are  arranged  to  extend 
from  side  track  to  side  track.  The  signals  are  controlled  by 
electric  interlocking  and  they  may  be  arranged  to  automatically 
give  the  right  of  way  to  one  train  or  another  but  not  to  both.  It 
is  impossible,  however,  for  any  mechanical  contrivance  to  choose 
between  a passenger  and  freight,  or  between  an  east  bound  fast 
stock  train  and  a west  bound  train  of  empty  cars.  ^ 

As  automatic  signals  are  confined  usually  to  lines  of  more 
than  one  track  where  traffic  is  heavy,  their  application  to  single 
track  lines  will  not  be  discussed,  as  most  single  track  lines  space 
their  trains  by  the  time  interval  system,  or  a system  of  station 
blocking. 
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Audible  Highway  Crossing  Signals. 

The  track  instruments  described  in  connection  with  the  wire 
circuit  system  of  automatic  signals  may  be  used  advantageously 
to  give  audible  warning  to  pedestrians  of  passing  trains  at  road 
crossings.  Figure  10  is  a plan  of  signal  and  track  instruments 
used  in  connection  with  a double  track.  The  wire  conducting 
an  electric  current  by  means  of  which  an  approaching  train  sets 
the  bell  ringing  is  run  to  the  track  instrument,  located  at  any 
desired  distance  from  the  crossing.  The  circuit  is  normally 
open.  A west  bound  train  in  passing  over  track  instrument  3 
closes  a circuit  and  energizes  an  electro  magnet  A in  an  interlock- 
ing instrument  located  together  with  the  battery  at  the  crossing. 
This  closes  a local  circuit  through  spring  D and  its  anvil  d and 
starts  the  bell  ringing.  The  instrument  now  being  locked,  the 
bell  continues  ringing  until  train  shall  have  reached  instrument 
4,  which  closes  a circuit  energizing  unlocking  magnet  B,  which 
breaks  the  contact  between  spring  D and  its  anvil  d,  thus  opening 
the  bell  circuit  and  silencing  the  bell. 

By  an  arrangement  of  interlocking  instruments  and  track 
instruments  the  bell  may  be  made  to  ring  by  a train  approaching 
from  either  direction  on  a single  track. 

The  Electric  Semaphore. 

The  electric  semaphore  signal  to  be  used  in  automatic  block- 
ing, is  the  latest  development.  The  claim  has  been  made  that 
disc  signals  are  less  distinctive  to  the  eye  than  semaphores,  but 
this  is  a matter  of  dispute.  This  fact  led  to  many  experiments 
with  electrical  apparatus  to  operate  a semaphore  arm  of  full  size, 
apparently  with  success  although  no  extensive  installations  have 
been  made.  The  prominent  feature  of  this  style  of  signal  is  that 
each  has  its  own  independent  motive  force.  An  electric  motor 
of  about  34  H.P.  placed  in  a box  attached  to  the  post  below  the 
arm,  and  supplied  with  current  from  an  Edison-Lalande  battery 
of  10-16  cells,  winds  a cable  on  a drum,  thereby  lifting  a counter- 
weight (which  holds  the  signal  arm  normally  at  danger),  giving 
the  arm  the  inclined  or  all  clear  position.  With  such  a powerful 
force  exerted  by  motor,  and  use  of  a heavy  counterweight,  diffi- 
culties of  snow  and  sleet  causing  arm  to  stick  is  overcome.  The 
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motor  has  an  automatic  brake,  consisting'  of  a resistance  coil,  which 
retards  the  revolutions  of  a soft  iron  circular  disc  fixed  to  the  arm- 
ature shaft. 

The  semaphore  blades  are  same  in  design  as  the  standard; 
ball  bearings  are  introduced  to  eliminate  friction.  Bells  are 
provided  at  main  line  switches,  which  may  only  be  opened  when 
bells  are  not  ringing.  A train  in  a section  to  the  rear  of  the  one 
in  which  a switch  is  located  causes  the  bell  to  ring.  On  the  other 
hand  when  the  switch  is  opened  the  signal  at  entrance  to  the 
block  is  drawn  to  danger.  The  signals  are  operated  by  track 
circuits. 


Electro-pneumatic  Bloch  Signals. 

This  style  of  signal  has  been  in  use  since  1885.  They  are 
only  used  on  the  busiest  portions  of  lines,  usually  four  track  roads, 
where  the  sections  are  short.  The  power  is  supplied  by  com- 
pressed air,  which  flows  through  valves  operated  by  an  electric 
current.  Air  compressing  plants  are  established  where  possible 
in  yards,  where  they  serve  the  purpose  of  supplying  air  for  electro- 
pneumatic systems  of  interlocking  switches,  and  air  for  several 
miles  of  blocking  outside  the  yard. 

The  essential  parts  of  the  system  are: — 

(1)  The  electrical  apparatus,  consisting  of  the  battery,  track 
relay  and  connections,  and  electro-magnet  for  control- 
ling admission  of  air  to  cylinder. 

(2)  The  signal,  which  is  a full-sized  semaphore. 

(3)  A cylinder  with  piston  for  moving  signal. 

(4)  An  air  compressor  plant  with  reservoirs  and  cooling  pipes 
to  precipitate  any  excess  of  moisture,  and  a pipe  to 
convey  air  under  pressure  to  signals. 

The  block  sections  being  very  short  it  is  found  economical 
and  convenient  to  place  two  signals  on  one  post,  one  being  the 
home  signal  of  a section  and  the  otlier  the  distant  signal  of  the 
following  section.  The  fonner  is  placed  at  the  top  and  is  of 
tlie  standard  form  with  a square  end.  The  latter  is  placed  below 
and  has  a fish-tail  end  to  distinguish  it  from  the  home  signal. 
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On  roads  of  more  tlian  two  tracks  it  is  usual  to  define  tlie 
blocks  by  signal  bridges  spanning  the  tracks,  each  pair  of  signals 
being  placed  over  the  track  they  govern. 

This  system  of  automatic  blocking  is  necessarily  very  costly, 
owing  to  the  great  expense  of  operating  compressor  plant,  laying  of 
pipe,  pneumatic  cylinders  and  electrical  apparatus,  and  this  has 
consequently  limited  its  use  to  roads  where  one  line  of  pipe  will 
operate  the  signals  of  several  tracks. 

Manual  versus  Automatic  Signaling, 

The  opinion  as  to  the  relative  efficiency  of  manual  and  auto- 
matic systems  is  divided,  even  in  America.  The  controlled  man- 
ual, about  which  there  is  a certain  amount  of  automatism  on  ac- 
count of  the  electrical  apparatus  which  makes  the  setting  of  sig- 
nals at  the  beginning  of  a block  contingent  upon  that  at  the  end, 
is  operated  by  human  attendants  who  are  not  infallible,  and  liable 
to  error,  the  result  of  which  may  be  serious,  or  slight,  or  even  of 
no  consequence.  The  element  of  contingency  between  the  oper- 
ators eliminates  to  a great  extent  any  errors  made  by  one. 
Methods  are  known  to  expert  operators  of  ^^cheating’’  the  ma- 
chines, by  which  mistakes  may  be  rectified. 

The  efficiency  of  the  manual  system  depends  to  a great  ex- 
tent upon  the  operators  themselves,  some  of  whom  may  show  a 
tendency  to  getting  ^^out  of  order’’  themselves  once  in  a while, 
when  duties  are  light,  or,  in  other  words,  when  the  frequency  of 
trains  is  small,  the  operator  may  fall  asleep,  and  although  no  very 
serious  results  may  happen,  his  neglect  of  duty  may  cause  delay, 
something  which  every  railroad  tries  to  avoid.  Cases  have  been 
known  wTere  the  operator  would  deliberately  prepare  for  a nap, 
by  getting  an  unlock  from  the  towermen  on  each  side  of  him 
so  that  he  could  clear  his  signals;  in  which  case  train  must  stop 
at  tower  in  the  rear  and  procure  a caution  card  and  then  proceed 
under  full  control  to  the  tower  of  the  “sleeping  beauty.” 

Such  cases  could  not  properly  be  cited  as  dangers  of  the 
system,  but  merely  defects  which  may  be  remedied  by  the  em- 
ployment of  reliable  operators.  In  England,  where  the  controlled 
manual  is  practically  the  only  system  in  use,  the  record  of  train 
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jiccidents  due  to  misplaced  signals  is  remarkable,  a fact  whicb 
is  attributed  largely,  if  not  altogether,  to  the  reliability  of  the 
operators  themselves.  It  is  claimed  by  English  signal  engineers 
that  in  such  a country  where  there  is  such  extreme  heaviness  of 
traffic  that  the  manual  is  the  only  system  practicable,  and  this  fact 
along  with  the  highly  satisfactory  results  of  such  a system  accounts 
for  the  reluctance  on  their  part,  to  adopt  any  system  entrusted 
entirely  to  mechanical  operation. 

The  disadvantages,  apart  from  expense,  inherent  in  the  man- 
ual system  are  few  and  small.  The  advantages  are  manifold. 
Trains  are  absolutely  spaced  and  enginemen  cannot  “^Tun’’  signals 
without  detection.  Permissive  blocking  is  only  allowed  when 
apparatus  is  seriously  out  of  order,  which  only  happens  when  in- 
spection is  poor.  If  locks  fail  there  is  bell  communication  be- 
tween towers.  If  these  fail  fliere  is  the  telegraph  in  complete 
installations  to  fall  back  on.  Wrecks,  derailments,  etc.,  are  easily 
reported,  so  that  aid  may  be  quickly  summoned  and  trains  run- 
ning on  parallel  tracks  stopped  and  protected.  Any  dangerous 
defects  in  condition  of  trains  may  be  noted  by  towermen  and  re- 
ported to  those  in  advance. 

Automatic  signals  have  reached  such  a stage  of  perfection 
that  their  reliability  can  no  longer  be  questioned.  A million 
operations  of  a signal  with  only  one  false  clear  indication,  ought 
to  be  sufficient  to  dispel  doubt  as  to  their  reliability.  The  effi- 
ciency of  their  working  depends  almost  entirely  upon,  the  inspec- 
tion of  the  apparatus.  The  main  defect  of  the  automatic  sig- 
nals is  that  the  protection  of  switches  is  incomplete.  The  switches 
are  included  in  the  circuit  and  have  a bell  or  indicator  attach- 
ment by  which  the  position  of  the  signal  at  the  beginning  of  the 
block  is  known  to  the  trainmen  at  the  switch.  It  is  possible 
that  trainmen  mav  not  observe  the  indicator,  or  that  the  bell 
may  fail  to  ring  by  poor  adjustment,  or  by  getting  broken  by 
mischievous  trespassers,  so  that  train  using  the  switch  has  no  warn- 
ing of  another  train,  which  may  have  already  passed  the  protecting 
signal  and  entered  the  section. 

It  is  sometimes  stated  that  enginemen  disregard  automatic 
signals,  there  being  no  one  to  >’eport  them.  As  a matter  of  fa3t 
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this  is  seldom  done.  A sane  engineman  is  not  going  to  plunge 
recklessly  into  danger  wlien  by  waiting  a specified  time  at  a bio  3k 
signal  set  at  danger,  lie  may  then  proceed  with  caution  tlirougli 
the  block  to  the  next,  where  he  is  likely  to  find  the  line  clear. 

The  advantages  of  the  automatic  system  are  perhaps  not  as 
numerous  as  those  of  the  manual;  a train  broken  in  two  is  fully 
protected;  broken  rails,  if  rail  circuit  is  used,  usually  cause  sig- 
nal to  go  to  danger.  The  former  system  has  decidedly  a great 
advantage  over  the  latter  in  point  of  cost,  and  in  this  respect  it 
is  the  most  suitable  for  roads  with  gveat  mileage  and  heavy  traffic 
running  through  open  countiy.  The  maintenance  of  both  is 
about  the  same,  but  the  cost  of  operation  is  a factor  which  does 
not  occur  in  the  automatic,  but  v/hich  is  constant  in  the  manual 
system.  For  this  reason  blocks  are  often  too  long  to  give  prompt 
handling  of  the  traffic.  With  the  automatic  system  the  blocks 
may  be  made  as  short  as  required  without  materially  increasing 
cost  of  maintenance,  the  first  cost  of  installation  being  practically 
the  only  expense  to  be  taken  into  consideration. 

The  paramount  objection  raised  by  English  railroad  men 
against  automatic  signals  of  all  kinds,  is  not  that  they  are  unsafe, 
not  that  they  are  costly  or  troublesome  in  care  and  maintenance, 
but  rather  that  the  exigencies  of  heavy  traffic  prove  too  much  for 
them  thereby  causing  delay. 

The  question  of  the  relative  merits  of  the  two  systems  re- 
solves itself  into  a straight  question;  which  one  will  operate 
100,000  or  1,000,000  times  with  the  least  number  of  unneces- 
sary stoppages  of  trains.  The  Railroad  Gazette  of  January  21, 
1890,  says,  referring  to  the  use  of  a form  of  automatic  signal  on 
a line  of  heavy  traffic:  “Going  since  May  30,  1888,  and  being  used 
as  a positive  block  signal,  it  has  never  got  out  of  order,  caused 
an  unnecessary  stop,  or  shown  safety  when  danger  existed,  thus 
making  a remarkable  mechanical  record.’’ 

Other  Systems  of  Signaling. 

There  are  other  schemes  by  which  trains  are  kept  spaced. 
These  are  of  less  importance,  being  used  on  roads  of  light  traffic 
where  demands  for  which  handling  of  trains  are  not  sufficient  to 
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warrant  the  expense  attached  to  installing^  complete  signal  sys- 
tems. Many  roads  of  light  traffic  still  nse  the  “time  interval’' 
as  a means  of  keeping  their  trains  spaced.  But  the  protection 
oi  a train  that  has  unexpectedly  come  to  a stop  by  the  ordinary 
method  of  sending  a man  hack  with  a visible  or  audible  signal, 
is  unsafe,  except  when  carried  out  by  men  of  best  judgment.  Both 
the  flagman  who  is  to  give  the  signal  and  trainmen  of  the  fol- 
lowing train  must  never  fail  to  practise  the  most  extreme  cau- 
tion; and  as  safety  is  always  contingent  upon  the  flagmen  having 
sufficient  time  to  get  back  to  warn  following  train,  another  element 
of  danger  is  introduced.  The  great  deficiencies  of  this  system 
are  all  well  understood  by  railroad  men.  Much  of  the  loss  of 
life,  and  collisions,  are  due  to  ineffective  flagging  caused  by  sheer 
neglect  of  trainmen  to  whose  judgment  is  entrusted  practically 
the  running  of  the  trains.  But  while  admitting  that  the  time 
interval  system  is  an  unsatisfactory  protection  for  trains,  many 
roads  in  this  country  have  had  to  deny  themselves  the  advan- 
tages of  the  block  system  on  account  of  the  cost  attached  to  it. 

The  Train  Staff  or  Tablet  System. 

A modified  form  of  the  block  system  is  found  in  the  train 
staff  or  tablet  system.  These  are  exactly  the  same  in  principle, 
the  apparatus  being  somewhat  different.  It  is  an  old  English 
idea,  the  track  being  divided  into  blocks  or  sections,  and  before 
a train  can  pass  over  a block  it  must  have  in  its  possession  a me- 
tallic tablet  or  train  staff. 

The  apparatus  of  the  staff  system  consists  of  a receptacle 
for  holding  a number  of  metallic  staffs,  one  of  which  is  given  to 
each  engineman  to  authorize  him  to  proceed  over  a specified 
length  of  track.  There  is  a receptacle  or  “pillar,”  as  it  is  called, 
at  each  end  of  the  block  section,  and  these  two  are  electrically 
connected  or  interlocked,  so  that  two  staffs  cannot  be  out  at  the 
same  time.  Such  a system  is  only  used  on  single  track  over  short 
sections. 

The  sections  are  laid  out  varying  from  4 to  20  miles  in 
length,  according  to  the  distance  between  towns  on  the  line,  a 
tablet  station  being  established  at  each. 
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Tlie  electric  tablet  instrument  containing  tlie  tablets,  is 
placed  at  eacli  station  which  defines  the  blocks.  Before  a tablet 
can  be  obtained  from  the  instrument  at  either  end  of  a section, 
the  consent  of  the  operators  at  each  end  of  the  section  must  be 
given,  and  only  one  tablet  can  be  taken  out  of  the  two  instru- 
ments of  a section  at  a time,  so  that  trains  travelling  in  opposite 
directions  are  fully  protected. 

The  tablet  is  placed  in  a leather  pouch  before  being  handed 
to  the  train  driver,  Avho,  in  turn,  delivers  the  tablet  for  section 
just  travelled.  This  necessitates  trains  to  come  almost  to  a dead 
stop  before  exchanges  can  be  made.  Apparatus  was  invented  by 
which  a train  running  40  miles  an  hour  could  catch  up  and  de- 
liver tablets,  thus  allowing  through  trains  to  proceed  without 
a stop. 

The  tablet  system  is  sometimes  used  with  the  block  system 
Avhere  it  is  desired  to  suspend  the  latter  temporarily  and  do  per- 
missive blocking.  In  order  to  pass  a block  signal  set  at  danger, 
it  is  necessary  for  the  engineman  to  procure  a permissAe  tablet, 
which  gives  him  running  power  over  the  section  protected  by  the 
suspended  block  signal. 

Interlocking  at  Grade  Crossmgs. 

A word  or  two  might  be  said  upon  the  protection  of  grade 
crossings.  It  is  done  by  a system  of  signals  and  derailing  switches. 
Experience  has  taught  the  best  location  for  the  signals,  the  num- 
l)er,  and  safeguards  necessaiw  in  case  a train  should  pass  the  dan- 
ger signal. 

Figure  11  shows  plan  of  simple  gTade  crossings.  Figure  11 
(a)  represents  a single  track  diamond  crossing.  The  distant  signals 
shown  with  fish-tail  ends  are  placed  1,200  feet  from  the  home 
signals,  and  in  each  case  to  the  right  hand  of  the  traok.  In  case 
a train  should  ]3ass  a home  signal  set  at  danger,  the  last  precau- 
tion taken  is  a derail  placed  50  feet  from  the  home  signal  and 
about  300  feet  from  the  centre  of  the  diamond. 

The  signals  and  derails  are  operated  entirely  from  a signal 
tower,  there  being  pipe  and  wire  connections  between  each  and 
levers  in  the  tower.  It  is  common  practice  to  have  the  distant 


SIGNALING. 


195 


. 5 


s 

t- 


■ <» 
VJ! 


00 

Oy' 

'O 

e- 

P' 

J" 


II 


196 


SIGNALING. 


signals  lock  their  home  signals  in  the  clear  position.  One  lever 
operates  a pair  of  derails  on  each  track.  The  signal  levers  are 
so  interlocked  that  only  one  track  can  have  its  signals  cleared 
at  a time. 

The  installations  for  double  tracks  are  obviously  as  simple 
as  those  for  single  track;  in  the  latter  case  trains  being  supposed 
to  run  always  in  the  same  direction  on  same  track. 

Although  the  high  cost  of  installation  and  operation  has  de- 
terred lines  from  installing  these  plants,  it  has  been  found  that 
the  time  saved  would  often  warrant  the  expenditure  even  on  lines 
of  light  traffic.  In  cities  where  all  sorts  of  crossings  are  en- 
countered, such  plants  are  an  absolute  necessity,  at  any  cost. 
Where  track  crossings  and  junctions  become  complicated,  manual 
power  for  working  the  levers  is  dispensed  with  in  the  most  recent 
installations.  The  use  of  electricity  in  combination  with  com- 
pressed air,  affords  the  speediest  and  most  reliable  means  for  hand- 
ling of  trains. 


Yard  Signaling. 

Before  concluding  these  remarks  reference  might  be  made 
to  signaling  in  yards.  This  is  a subject  in  itself,  being  one  in 
which  difficult  problems  arise,  as  in  the  case  of  great  complications 
of  tracks,  where  one  road  crosses  another  in  the  vicinity  of  large 
yards,  or  makes  junctions  or  borrows  track.  Such  problems  are 
left  for  solution  to  the  signal  engineer  who  devises  schemes  for 
a systematic  operation  of  switches  and  signals,  the  former  afford- 
ing a means  of  transit  from  one  track  to  another,  the  latter  pro- 
tecting trains  while  performing  this  operation. 

The  mechanical  side  of  yard  signaling,  involving  as  it  does 
interlocking,  is  too  great  to  admit  of  discussion  here,  so  only  a few 
general  principles  will  be  referred  to. 

As  the  main  lines  for  incoming  or  outgoing  trains  are  often 
run  through  the  yards  themselves,  it  is  of  the  greatest  importance 
that  signals  governing  them  (main  lines)  should  be  absolutely 
placed.  The  most  common  v/ay  of  placing  them  is  on  a light 
bridge  or  superstructure,  placing  signal  directly  over  the  track 
it  governs.  Where  the  block  system  is  in  use  the  sections  are 
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short,  from  one-third  to  one-half  ■ mile  in  length ; signal  cabins  are 
placed  at  the  beginning  and  end  of  each,  where  they  serve  also 
the  purpose  of  interlocking  cabins  for  main  line  switches.  Each 
of  the  cabins  has  electrical  communication  between  one  another, 
and  sometimes  between  the  train  starter.  As  trains  run  slowly 
through  yards  ^^permissible  blocking’’  is  allowed  in  most  cases, 
there  being  practically  no  danger  caused  by  it. 

Signals. 

The  signals  are  of  the  semaphore  type,  distant  signals  being 
unnecessary  on  account  of  slow  speed  of  trains.  They  are  com- 
monly worked  by  levers  in  towers,  having  pipe  and  wire  connec- 
tions. The  most  perfect  installations  are  now  operated  by  the 
electro-pneumatic  system,  which,  of  course,  is  far  superior  to  hand 
]iower  levers.  It  is  only  in  cases  of  e^reat  complication  of  tracks 
and  switches  that  these  installations  are  made.  The  gTeat  ad- 
vantage of  the  electro-pneumatic  system  is  that  signals  may  be 
operated  at  greater  distances,  and  one  man  can  do  the  work  of 
many  in  the  interlocking  towers. 

Automatic  block  signaling  may  be  done  advantageously  in 
yards,  preferably  by  the  use  of  compressed  air  and  electricity.  One 
air  compressing  plant  will  suffice  for  the  operation  of  signals  of 
the  largest  yard.  Figure  12  is  a cut  of  a yard  whose  signals  are 
operated  by  electro-pneumatic  block  signals,  which  stand  nomin- 
ally at  danger.  The  signal  bridge  in  the  front  of  the  picture 
marks  the  beginning  of  a section,  the  two  blocks  being  visibly 
defined  by  the  two  signal  bridges  in  the  distance.  Interlocking 
cabins  provided  with  electro-pneumatic  levers  operate  the  switch 
signals  and  switches.  At  important  road  crossings  small  cabins 
are  built  for  signal  men,  whose  business  it  is  to  operate  the  gates 
and  give  fiag  warnings. 
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OBITUARY  NOTICE. 

During  the  present  term  the  grim  reaper,  Death,  has 
removed  one  of  our  undergraduate  members,  William  Ed- 
ward Costin,  who  died  January  16th,  1902.  For  several 
months  he  suffered  from  a sarcomatous  growth  which  finally 
baffled  the  best  medical  skill  that  could  be  procured. 

He  was  the  only  son  of  W.  I.  Costin,  M.D.,  and  was  a 
native  of  Oxford  county.  After  attaining  senior  leaving 
standing  at  Woodstock  Collegiate  Institute,  he  taught  for 
about  three  years,  and  then  entered  S.  P.  S.  in  a course  of 
Civil  Engineering  with  the  present  graduating  class,  obtain- 
ing honor  standing  in  his  first  and  second  years. 

On  account  of  his  many  winning  qualities  he  made  many 
warm  friends  among  the  students,  who  feel  that  they  have 
lost  a true  and  noble-hearted  schoolfellow. 


We  regret  to  have  to  record  the  death  of  another  of  our 
undergraduate  members,  John  A.  Nelson,  a student  in  the 
Mechanical  and  Electrical  Department  of  the  first  year.  He 
was  the  youngest  son  of  Mr.  J.  C.  Nelson  of  St.  Catharines, 
and  was  a general  favorite  among  those  who  made  his  ac- 
quaintance during  his  short  term  here. 

He  was  taken  ill  on  Wednesday,  January  1st,  1902,  with 
appendicitis,  and,  after  a week  of  intense  suffering,  died  at 
the  home  of  his  parents. 
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Gentlemen  : As  this  is  the  first  occasion  on  which  it  has  been 
my  pleasure  to  meet  the  Engineering  Society  since  yon  did  me  the 
honour  of  electing  me  President  of  this  honourable  body,  I welcome 
the  opportunity  of  thanking  you  for  the  confidence  you  have  placed 
in  me.  The  Engineering  Society  has  been  presided  over  by  men 
who  have  achieved  the  highest  success  in  the  engineering  world. 
Our  Society  represents  a School  of  Engineering  which  is  second  to 
none  in  Canada.  These  things  impress  upon  me  the  weight  of 
responsibility  I have  assumed  in  accepting  this  office.  But  I am 
reassured  when  I consider  the  strong,  energetic  committee  with 
which  you  have  surrounded  me;  and  with  your  hearty  co-operation, 
we  shall  endeavour  to  continue  that  progress  which  has  so  markedly 
characterized  the  history  of  our  Society. 

I would  call  your  attention  to  the  great  interest  taken  in  the 
department  of  engineering,  as  evidenced  by  the  increasing  number 
of  students  entering  each  year.  To  the  gentlemen  of  the  first 
year  who  are  about  to  become  members  of  our  Society,  I would 
extend  a hearty  welcome.  Enter  at  once  into  the  life  of  the  Society. 
Do  not  wait  till  your  second  or  third  year,  to  feel  that  you  are  a 
part  of  its  workings.  It  is  unnecessary  for  me  to  go  into  a discus- 
sion of  the  objects  of  the  Society,  or  the  advantages  to  be  gained 
by  contributing  papers.  These  have  been  very  thoroughly  laid 
before  you  in  the  addresses  of  a number  of  our  former  Presidents. 
It  will  pay  you  to  read  them  up.  Suffice  it  to  say,  that  the  Society 
needs  your  help  and  you  need  the  Society’s  help.  To  these  ends 
I would  ask  you  to  take  an  interest  in  everything  pertaining  to  the 
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Society,  contribute  a paper  if  you  can,  ask  questions  and  be  ready 
for  a discussion  after  every  paper  that  is  read. 

The  Engineering  Society  being  representative,  as  it  is,  of  th^' 
whole  student  body  of  the  School  of  Practical  Science,  I wish  to* 
refer  to  a few  things  of  general  interest. 

During  the  past  year  there  occurred  an  event  which  will 
remain  a landmark  in  the  history  of  our  institution.  I refer  to  the 
banquet  tendered  by  the  graduates  and  undergraduates  of  the  School 
to  our  honoured  Principal,  on  the  twenty-first  anniversary  of  the 
birthday  of  the  School  of  Practical  Science.  The  gathering  was  a 
most  representative  and  enthusiastic  one,  indicating  the  high  esteem 
in  which  our  Principal  is  held. 

At  the  conclusion  of  his  address  on  that  occasion.  Principal  Gal- 
braith made  an  important  announcement.  To  use  his  own  words : A 
week  ago  the  Senate  of  the  University  passed  a statute  which  provides 
that  the  School  of  Practical  Science,  the  teaching  staff,  examiners  and 
students,  together  with  examiners  for  the  degrees  in  applied  science 
and  engineering,  shall  ex-officio  constitute  the  Faculty  of  Applied 
Science  of  the  University  of  Toronto.  By  this  statute  the  powers 
of  the  Senate  with  reference  to  the  degrees,  and  those  of  the  School 
with  reference  to  the  curriculum  and  work  of  instruction,  as  also 
the  statute  respecting  affiliation,  remain  unaltered.  The  result  is 
that  the  University  gains  without  expense  a fully  equipped  Faculty 
of  Applied  Science,  and  in  this  respect  puts  itself  on  an  equality  with 
the  other  great  Universities  of  the  continent;  while  on  the  other 
hand,  the  School  gains  public  recognition  of  the  fact  that  its  work 
is  of  equal  rank  and  dignity  with  that  of  the  ancient  faculties  of 
Arts,  Medicine,  and  Law.  This  action  of  the  Senate  forms  a fitting 
close  to  the  history  of  the  School  in  the  nineteenth  century.” 

In  view  of  the  fact  that  we  are  now  a full  fledged  faculty,  on 
equal  standing  with  the  faculties  of  Arts,  Medicine,  and  Law,  it 
behooves  us  that  we  enter  more  fully  into  the  student  life  of  our 
great  University. 

In  respect  to  athletics  no  fault  can  be  found.  “ School-Cups!” 
has  been  the  war-cry  which  has  cheered  on  to  victory  our  athletic 
champions  on  many  a hard  fought  field.  There  are,  however,  other 
phases  of  University  life  into  which  we  do  not  enter  with  such  zeal. 
We  might  mention  the  Varsity  paper,  an  excellent  publication,  in 


THE  president’s  ADDRESS. 


3 


which  we  should  manifest  a greater  interest.  The  Dining  Hall  and 
the  Students^  Union  are  new  departures,  and  should  be  powerful 
agents  in  cementing  the  union  of  the  different  faculties.  In  loyalty 
to  the  School  our  men  have  been  true  to  the  core.  Let  us  now 
extend  our  sympathies,  and  without  lessening  in  the  least  our  love 
for  old  S.P.S.,  let  us  join  with  ai  fervor  characteristic  of  school  men, 
in  sounding  the  fame  of  this  great  University  of  which  we  form  no 
unimportant  part. 

The  upper  years  of  the  School  will  remember  that  last  spring 
an  enthusiastic  delegation  from  this  institution  crossed  over  to  the 
Parliament  Buildings  and  made  representations  to  the  Government 
setting  forth  the  urgent  needs  of  the  School.  They  will  also 
remember  that  later  the  Legislature  decided  to  devote  $200,000 
to  Science,  $50,000  of  which  was  to  be  immediately  available. 
During  the  summer  Professors  Galbraith  and  Wright  visited  many 
of  the  American  Universities,  inspecting  the  Applied  Science 
Departments  with  a view  to  the  best  methods  of  constructing  and 
equipping  the  new  buildings.  Also  J.  W.  Bain,  B.A.Sc.,  who  has 
been  in  Europe  the  past  summer,  visited  the  chemical  departments 
of  a number  of  the  universities  on  the  continent,  with  the  same  end 
in  view.  They  have  submitted  their  report  to  the  Government. 
The  Provincial  architect  is  busy  preparing  plans  to  be  submitted  to 
the  Council  for  their  approval;  and  it  is  probable  that  the  contract 
for  the  construction  of  the  new  building  will  be  let  this  Fall.  The 
site  of  the  new  building  will  be  somewhere  in  the  vacant  plot  owned 
by  the  University  on  College  Street.  It  is  to  be  hoped  that  every 
effort  will  be  put  forth  by  the  Government  in  order  that  the  new 
building  will  be  constructed  as  soon  as  possible.  We  all  know  that 
already,  owing  to  the  insufficient  accommodation,  small  teaching 
staff  and  poor  experimental  equipment,  that  the  needs  of  the  students 
are  far  from  being  supplied.. 

As  a result  of  the  energetic  efforts  of  Capt.  Lang  and  Lieu- 
tenant Burnside,  the  Toronto  Engineer  Corps  is  now  a reality;  and 
a striking  reality  it  proved  itself  to  be  during  the  recent  visit  of  the 
Eoyal  Party.  In  the  Eoyal  Eeview  on  Friday,  the  Duke  remarked 
on  the  smart  appearance  of  the  company,  and  during  the  afternoon 
of  the  same  day  while  forming  a “ Guard  of  Honor  for  the  Eoyal 
Party  on  their  visit  to  the  University,  it  again  came  in  for  con- 


4 


THE  president’s  ADDRESS. 


gratiilatory  remarks.  The  company  at  present  musters  fifty-eight 
men,  and  nearly  all  are  men  of  the  School  of  Practical  Science. 
We  shall  hope  that  before  long  their  nnmbers  may  he  doubled. 
When  the  men  have  all  qualified  in  drill,  the  chief  work  which  is 
the  specialty  of  an  Engineer  Company  will  then  he  proceeded  with. 
This  work  consists  of  field  work,  earthing,  use  of  spar,  bridging, 
etc.  Good  advancement  may  be  expected,  considering  the  speed 
with  which  the  preliminary  drill  was  mastered.  A full  supply  of 
engineering  stores  has  been  provided,  inclnding  outfits  for  signalling 
and  telegraphing. 

There  has  been  some  discnssion,  perhaps  some  dissatisfaction, 
in  regard  to  the  Library  of  the  School.  The  following  may  prove 
some  enlightenment  on  the  subject.  The  chief  officer  is  the 
Librarian  appointed  by  the  Council,  who  is  made  responsible  for 
the  management  of  the  Library  over  which  he  has  control.  The 
students  elect  by  ballot  at  their  general  elections  two  representatives 
— first  and  second  assistants — who  do  the  actual  work  in  connection 
with  the  Library.  A catalogue  has  been  printed  and  is  accessible  to 
all  members  of  the  Society.  In  this  catalogue,  opposite  the  names  of 
the  volumes,  are  letters  indicating  the  libraries  of  the  Professors  in 
which  the  volumes  may  be  found.  Where  no  letter  occurs  opposite 
the  volume,  it  will  be  found  in  the  General  Library  of  the  School. 
The  volumes  in  the  respective  libraries  of  the  Professors  are 
permanently  located  there.  These  books  may  be  procured  subject 
to  the  ordinary  regulations,  by  applying  to  the  Professor.  Each 
Professor  in  this  way  acts  as  an  assistant  librarian. 

We  are  all  glad  to  know  that  the  health  of  our  Lecturer  in 
Applied  Mechanics,  Mr.  Duff,  has  so  far  improved  that  he  is  able 
to  resume  his  duties  in  the  School.  We  all  join  in  welcoming  him 
among  us,  and  trust  that  we  may  have  his  genial  presence  at  our 
meetings  in  the  coming  year. 

I might  call  your  attention  to  the  appointment  of  Mr.  Monds 
to  the  position  of  Demonstrator  in  Mechanical  Engineering,  to  that 
of  Mr.  Chace  to  the  Fellowship  in  Electricity,  to  that  of  Mr.  Craig 
to  the  Fellowship  in  Mechanical  Engineering,  and  to  that  of  Mr. 
Ardagh  to  the  Fellowship  in  Chemistry. 

In  preparing  this  paper  on  Engineering  as  a Profession,’’  I 
cannot  claim  entire  originality.  My  experience  so  far  has  been 
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limited,  and  if  yon  find  some  of  my  ideas  too  far  advanced  for  a 
Fonrth-Year  man,  I can  plead  with  Kipling — 

When  ^Omer  hanged  his  bloomiW  lyre, 

EM  Yard  men  sing  by  land  and  sea; 

And  what  M thought  M might  require, 
went  and  took  the  same  as  we. 

ENGINEERING  AS  A PROFESSION. 

The  profession  of  engineering  is  an  honoured  and  honourable 
one,  but  its  place  in  the  public  estimation  is  not  yet  where  its  merits 
and  services  would  place  it.  In  Europe  the  standing  and  remuner- 
ation of  the  engineer  are  second  to  those  of  no  other  professional 
man.  England  recognizes  the  services  of  her  engineers  by  honours 
and  emoluments.  The  Engineers  of  the  Forth  Bridge  were  knighted 
in  recognition  of  their  services.  Public  measures  and  acts  of  par- 
liament are  largely  influenced  by  their  advice  and  direction.  Manu- 
facturing and  industrial  operations  are  largely  managed  by  engineers 
instead  of  so-called  practical  men. 

When  John  Smeaton,  a little  more  than  a century  ago,  became 
the  first  man  to  write  Civil  Engineer  after  his  name,  the  title  gave 
no  prestige  to  the  possessor.  The  early  engineers.  Watt,  Stephen- 
son, Smeaton  and  Fulton,  had  to  fight  their  way  through  poverty 
and  discouragements  to  a recognition  of  their  services. 

Canada  and  the  United  States  are  very  slow  in  the  recognition 
of  the  valuable  services  of  their  engineers.  Either  country  owes 
more  to  the  engineer  than  to  any  other  class  of  equal  numbers. 
Think  of  the  immense  development  in  any  of  the  different  branches. 
To  follow  out  any  one  of  the  numerous  lines  of  work  in  which  he 
has  been  engaged,  to  trace  the  development  of  the  first  crude 
mechanism,  up  to  the  splendid  triumphs  of  the  present  day  in 
almost  any  department  of  industry,  would  be  no  idle  task. 

Engineering  is  a profession  in  which  a man  can  be  honourable. 
It  is  fascinating  from  tlie  fact  that  one  sees  the  realization  of  his 
mathematical  and  scientific  theories  and  deductions.  Its  objects 
are  useful  in  the  liighest  degree.  It  is  healthful  and  ennobling  in 
its  practice.  Iii  fact  it  is  a protessioii  which  may  well  challenge 
the  attention  of  the  young  man  of  earnest  endeavour,  who  is  seeking 
not  only  material  prosperity,  but  an  honoured  place  among  those 
who  have  well  served  their  day  and  generation. 
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Mr.  Charles  T.  Harvey,  an  eminent  engineer,  in  a paper  read 
before  onr  Society,  said : — Engineers  of  the  highest  degree  are 
born  not  made.  Technical  education  is  helpful,  but  not  deter- 
minative of  the  quality  or  strength  of  the  will  power  which  yon 
need  to  best  succeed  in  your  profession.  Yon  have  chosen  a profes- 
sion which  calls  for  intense  exercise  of  trained  will  power,  as  its 
functions  are  to  re-arrange  the  material  features  of  the  earth  to 
serve  human  purposes  to  a higher  degree.  The  embankment  of  a, 
railway,  the  prism  of  a canal,  and  the  mechanism  of  a steam  or  elec- 
trical engine,  are  triumphs  of  educated  will  power  over  inatter.^^ 

One  great  factor  very  necessary  in  the  make  up  of  a successful 
engineer  is  the  power  of  observation.  The  observation  of  a simple 
fact,  and  the  train  of  thought  induced  thereby,  have  led  continually 
to  important  results.  The  ability  to  map  localities  in  the  mind, 
the  faculty  of  noting  the  workings  of  a piece  of  mechanism,  the 
observation  of  leading  features  of  places  and  things;  all  of  these 
are  of  the  utmost  value  to  the  engineer.  This  power,  combined 
with  a sound  knowledge  of  natural  and  mechanical  laws,  together 
with  a sufficient  amount  of  nerve  to  put  the  thing  into  execution, 
are  the  great  requisites  of  an  engineer. 

The  engineer  should  love  his  profession.  The  most  simple 
operations  should  possess  an  attraction  to  him.  The  application  of 
his  theoretical  knowledge,  both  in  mathematics  and  science,  should 
be  beautiful  to  him.  The  man  who  sees  only  the  theoretical  truth 
of  the  fundamental  formulae,  and  has  no  love  for  their  application, 
should  not  adopt  engineering  as  a profession.  Obstacles  that  spring 
up  along  the  line  should  not  dampen  his  ardour  to  obtain  a true 
result. 

The  engineer  should  honour  his  profession.  After  becoming  as 
proficient  as  possible  in  the  department  which  he  has  chosen,  honour 
and  honesty  should  characterize  his  policy.  When  the  engineer 
accepts  bribes  from  the  contractor  for  passing  work  which  does  not 
fulfil  the  specifications;  when  he  charges  his  employer  a fee  for 
first-class  work  when  he  knows  it  is  inferior;  when  he  adopts  the 
practice  of  making  days  when  the  “ per  diem  prescribed  by 
law  is  too  small,  he  had  better  blot  the  name  of  his  profession  from 
his  card  and  devote  himself  to  a trade  in  which  honourable  dealing 
is  not  expected. 
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The  final  success  of  an  .engineer  probably  depends  upon  more 
qualities  than  are  absolutely  required  in  most  of  the  other  profes- 
sions. His  knowledge  must  be  thoroughly  technical,  while  his 
methods  must  be  perfectly  practical.  The  clergyman  or  lawyer  is 
tolerably  sure  of  success,  if  he  is  eloquent  and  respectable.  The 
physician  who  has  an  engaging  manner,  need  not  be  a great  prac- 
titioner in  order  to  secure  a good  income.  But  the  engineer,  in 
order  that  he  may  attain  to  success,  must  possess  qualities  which 
would  have  won  much  more  fame  and  fortune  if  they  had  been 
applied  to  some  other  calling. 

A prominent  engineer  of  the  day  has  put  it  thus : “The  demand 
lo-day  is  for  men  who  can  accomplish  specific  results;  not  the  ancient 
history  of  the  steam  engine,  but  the  ability  to  construct  the  most 
modern  and  complete  form;  not  the  story  of  how  Franklin  dis- 
covered the  relations  of  lightning  to  the  electric  fluid,  but  the 
ability  to  design  and  construct  a dynamo  that  will  run  the  greatest 
number  of  lights  at  the  least  expense;  not  how  the  subject  of 
ulchemy  has  developed  into  modern  chemistry,  but  how  to  conduct 
industrial  manufactories  with  the  least  possible  waste.^^ 

The  demands  of  engineering  upon  the  man  are  greater  than  in 
most  of  the  professions.  He  must  first  submit  himself  to  a thorough 
technical  training,  in  order  that  he  may  be  able  to  read  and  observe. 
Having  secured  his  diploma,  he  must  seek  employment  that  he  may 
obtain  experience,  for  the  glimpse  of  the  real  thing  which  he  has 
got  in  his  college  course  is  far  from  fitting  him  for  the  responsi- 
bilities of  the  work.  During  the  earlier  part  of  his  career  he  will 
probably  find  that  his  work  is  something  more  than  trying. 

The  worst  feature  of  the  engineer’s  life  is  its  uncertainty. 
Especially  is  this  true  of  the  mining  and  civil  branches.  One  must 
at  all  times  be  in  readiness,  at  a moment’s  notice,  to  go  to  any  part 
of  the  country  where  his  work  may  call  him.  Often  he  is  exposed 
to  great  hardships  in  the  way  of  extremes  of  heat  and  cold,  rain 
and  drouth,  and  sometimes  scanty  fare. 

What  does  the  Faculty  of  Applied  Science  offer  to  a prospec- 
tive engineer?  It  offers  that  technical  training  which  is  so  neces- 
sary nowadays  in  the  make  up  of  a successful  engineer.  “ Know- 
ledge is  power  ” is  an  old  adage,  a back-number.  Power  is  rather 
the  ability  to  apply  knowledge.  Technical  schools  not  only  furnish 
knowledge,  but  train  their  students  in  the  application  of  it.  Just 
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here  I would  take  the  opportunity  of  referring  the  men  of  the  First 
Year  to  Principal  Galbraith^s  address  at  the  Banquet  last  Christ- 
mas. The  subject  was,  The  Function  of  the  School  of  Applied 
Science  in  the  Education  of  the  Engineer/^  The  subject  is  very 
thoroughly  dealt  with,  and  is  especially  adapted  to  us  as  students. 

We  in  our  technical  training  should  aim  at  laying  a broad 
foundation,  rather  than  at  specializing  along  some  chosen  line., 
Circumstances  in  most  cases  determine  our  specialization  in  after 
life.  'In  fact,  it  is  said  by  men  of  authority  that  a young  man  thor- 
oughly grounded  in  fundamental  principles  and  well  trained  how 
to  apply  them,  has  almost  an  equal  chance  for  success  in  all  branches 
of  engineering.  As  a proof  of  the  fact  we  only  need  look  up  the 
records  of  our  own  graduates. 

What  does  the  Engineering  Society  offer  to  the  prospective 
engineer?  I shall  not  enlarge  very  much  on  this,  but  refer  you 
again  to  the  addresses  of  our  former  presidents.  With  regard  to 
papers,  I would  say,  do  not  wait  to  be  asked,  but  set  to  work  and 
prepare  one  to  be  read  before  the  Society  during  the  coming  year. 
The  mere  act  of  preparing  a paper  is  a valuable  discipline  to  the 
writer.  Nothing  serves  so  well  in  systematizing  one’s  ideas, 
clearing  up  doubts  and  exposing  deficiencies  on  a subject, 
as  the  compiling  of  a paper.  The  benefits  which  you  receive 
from  the  Society,  will  probably  depend  on  the  amount  of  energy 
you  invest  in  it.  If  you  are 'simply  looking  to  your  own  interests, 
vdthout  regard  to  the  interests  of  others,  probably  neither  will 
profit  much  by  your  presence.  Let  each  member,  without  thought 
of  year  distinctions,  feel  that  his  part  is  necessary  in  order  to  make 
up  the  finished  whole. 

In  conclusion,  what  are  our  professional  prospects  ? In  looking 
about  Canada  to-day  one  would  say  that  the  prospects  never  were 
brighter.  Of  course  times  are  good,  and  one  cannot  tell  how  long 
they  will  continue.  Engineering  probably  is 'the  first  profession  to 
feel  a depression,  as  great  works  are  not  usually  undertaken  when 
the  country  is 'suffering  from  hard  times. 

However,  the  immense  developments  in  every  kind  of  industry 
have  created  a great  demand  for  competent  and  trained  engineers. 
Capitalists  are  beginning  to  see  the  necessity  of  entrusting  their 
great  works  in  the  hands  of  trained  men.  Let  us  all  strive  to  come 
up  to  the  standards  required,  and  thereby  render  ourselves  indis- 
pensable as  well  as  honouring  to  our  profession.  . - 


OUR  TIMBER  SUPPLY. 


J.  A.  DeCew,  ^96. 


The  cost  of  material  is  ^nerally  the  factor  of  prime  import- 
ance in  engineering  construction,  and  the  relative  amount  of  each 
material  used  depends  to  a large  extent  upon  its  value,  as  well  as 
upon  its  suitability  for  the  purpose  in  hand.  A structure  which  now 
contains  certain  proportions  of  wood,  steel  and  concrete,  might  have 
contained  these  materials  in  quite  different  proportions  had  their 
respective  values  been  differently  related  at  the  time.  Therefore, 
if  the  cost  of  our  timbers  for  construction  and  other  purposes  keeps 
steadily  on  the  increase  in  the  future  as  it  has  in  the  past,  and  if 
the  price  of  iron,  steel  and  concrete  should  remain  comparatively 
constant,  then  the  tendency  of  the  future  will  be  to  abandon  the 
use  of  wood  as  a constructive  material,  in  proportion  as  its  increased 
cost  stimulates  the  employment  of  substitutes.  What  the  ultimate 
result  will  be  is  hard  to  predict,  as  there  are  many  variable  influences 
to  be  considered.  One  thing,  however,  is  quite  certain,  and  that  is, 
if  we  continue  our  present  rate  of  consumption,  the  price  of  our 
timber  must  go  on  steadily  increasing  until  its  stumpage  value 
becomes  equivalent  to  the  cost  of  reproduction. 

If  a species  of  timber  should  become  exhausted  before  the 
equilibrium  between  consumption  and  reproduction  is  established, 
or  if  the  demand  for  it  should  exceed  the  capacity  of  reproduction, 
then  it  is  certain  to  become  quite  expensive  and  will  only  be  employed 
for  those  purposes  to  which  it  is  peculiarly  adapted. 

The  cost  of  our  timbers  in  the  market  may  be  expressed  directly 
in  terms  of  tlie  cost  of  labour,  supplies,  stumpage  and  the  distance 
between  the  market  and  stump.  Therefore  as  we  are  rapidly 
consuming  the  present  stand,  wliich  we  might  call  our  capital  stock, 
the  steady  increase  of  the  last  two  factors  is  sufficiently  evident, 
and  with  these  factors  the  price  to  the  consumer  must  also  advance. 
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As  an  example  of  a timber  which  will  be  commercial!}^  exhausted 
long  before  any  adequate  reproduction  can  take  place,  we  might 
select  the  white  pine.  This  is  without  question  our  most  important 
and  highly  prized  timber  product,  on  account  of  its  combination  of 
qualities,  which  adapt  it  to  an  almost  unlimited  number  of  uses.  The 
white  pine  is  at  home  in  commercial  quantities,  over  an  area  of  about 
400,000  square  miles,  over  which  the  original  stand  is  estimated  to 
have  been  about  700,000,000,000  feet,  board  measure.  All  that  re- 
mhns  to  us  of  this  inheritance  is  about  110  billion  feet,  of  which  the 
Lake  States  (Michigan,  Wisconsin  and  Minnesota)  possess  64  bil- 
lion and  Canada  about  40  billion.  ‘The  annual  cut  in  the  Lake 
States  is  about  6 billion  feet,  and  in  Canada  from  1^  to  2 billion  feet, 
so  that  our  total  annual  consumption  is  about  7J  to  8 billion  feet. 
If  this  rate  continues  it  is  quite  evident  that  all  of  our  present  stand 
of  pine  will  be  consumed  in  about  15  years.  It  is  interesting  to  note 
in  this'  connection  that  while  the  pine  manufacturers  of  Canada 
have  still  from  20  to  25  years  of  stock  in  sight,  the  American  mills 
can  manufacture  all  of  their  remaining  white  pine  in  less  than  10 
years.  iN’early  all  of  the  white  pine  is  so  located  that  the  present 
rate  of  exploitation  can  be  and  probably  will  be  continued  until  75 
per  cent,  of  the  present  supply  is  cut,  when,  of  course,  the  lack  of 
logs  will  lead  to  a reduction  in  output.  This  curtailed  output  will 
begin  on  the  American  side  in  a very  few  years,  and  then  the  white 
pine  will  gradually  cease  to  be  the  great  staple  of  our  lumber 
markets.  This  result  is  unavoidable,  for  if  recuperative  measures 
were  immediately  adopted,  it  would  take  100  years  to  grow  a pine 
tree,  with  an  average  diameter  inside  the  bark  of  15  inches,  and  to 
reproduce  forests  like  those  we  are  now  consuming  would  take  about 
200  years.  I 

It  is  erroneous  to  suppose  that  other  conifers  or  hard  woods 
may  be  substituted  for  or  easily  adapted  to  the  uses  of  white  pine, 
which  is  shown  by  a comparison  with  its  most  natural  substitute,  the 
southern  pine.  A shipping  case,  made  of  white  pine,  requires  but 
half  the  effort  to  manufacture,  and  .5  to  .65  the  effort  to  handle  or 
transport,  as  one  made  from  hard  pine,  and  as  for  lath,  the  white 
pine  nails  easier  and  shrinks  less.  For  sash  and  doors  the  only  sat- 
isfactory substitutes  are  cypress  and  white  cedar,  and  these  are  not 
any  too  abundant  themselves.  Although  from  the  scarcity  of  good 
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pine  shingles,  we  are  already  using  red  cedar  shingles  from  the 
Pacific,  coast,  yet  prices  must  reach  a high  mark  before  we  can  afford 
to  freight  Inmher  snch  a distance. 

It  is  not  only  the  white  pine  of  which  we  might  say,  speaking 
Telatively,  that  the  end  is  in  sight,  for  the  same  is  true  pf  the  wal- 
nut, yellow  poplar,  ash  and  elm.  As  the  elm  and  ash  are  particularly 
well  adapted  for  the  making  of  barrels,  on  account  of  their  strength 
and  toughness,  the  question  of  paramount  importance  to  all  those 
interested  in  cooperage  stock  is,  what  satisfactory  substitute  can  he 
found  for  these  fast  disappearing  woods  ? 

In  spite  of  the  fact  that  there  has  been  a great  increase  of  late 
years  in  engineering  construction,  there  has  been  no  increase  what- 
ever in  our  annual  consumption  of  timber,  hlevertheless  since  the 
supply  is  decreasing  faster  than  thedemand,  we  shall  he  forced  in 
the  near  future  to  pay  still  higher  prices  for  those  wooden  materials 
that  we  actually  require.  It  is  just  this  class  of  timber  which  we 
cannot  well  do  without,  that  we  shall  find  in  future  very  hard  to 
obtain.  For  although  it  does  not  take  very  long  to  grow  railway  ties 
or  fence  posts,  we  shall  find  it  a very  different  matter  to  reproduce 
trees  similar  to  those  from  which  we  obtain  the  wide  clear  lumber  of 
our  markets  to-day. 

Hemlock  may  make  a fairly  good  substitute  for  pine  in  rough 
construction,  but  not  for  interior  work.  ' 

P-erhaps  when  the  Isthmian  Canal  is  completed,  we  shall  be  able 
to  obtain  our  finest  grades  of  lumber  and  shingles  from  the  Pacific 
coast,  but  even  that  rich  source  of  supply  may  in  time  become  ex- 
hausted. The  annual  consumption  of  timbers,  ties,  fence  rails, 
cord  wood,  etc.,  in  the  United  States  amounts  to  about  25  billion 
cubic  feet.  Their  total  forest  area  amounts  to  about  500  million 
acres,  and  on  each  acre  it  is  possible  to  grow,  according  to  German 
estimates,  55  cubic  feet  per  annum,  but  of  this  growth  only  about 
35  cubic  feet  is  available  to  the  American  lumberman.  Therefore, 
if  all  their  forest  area  were  well  planted  and  managed,  the  annual 
harvest  would  not  equal  the  annual  consumption.  But  this  possible 
state  of  reproductive  efficiency  is  as  yet  but  a dream  of  the  future, 
and  as  our  present  stand  is  fast  disappearing,  it  is  the  duty  of  every- 
one to  conserve  as  much  as  possible  the  present  supply.  This  can 
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be  accomplished  only  by  scientific  lumbering,  efficient  fire  protec- 
tion, a more  extended  nse  of  wood  preservatives  and  an  increased 
economy,  along  with  the  gradual  snbstitntion  of  other  materials  in 
construction. 

Our  wood  consumption  per  capita,  outside  of  fire-wood,  is  8 to 
10  times  that  of  Germany,  and  18  to  20  times  that  of  Great  Britain, 
for  we  rely  more  upon  wooden  structures  than  they  do  and  are  more 
wasteful  in  construction. 

These  facts  go  to  show  that  we  have  yet  plenty  of  opportunity 
to  restrict  the  demand  in  proportion  as  the  supply  decreases,  and  in 
this  way  avoid  future  scarcity  and  excessive  prices.  However,  not 
the  engineer  alone,  but  the  community  as  a whole,  has  a direct 
interest  in  the  perpetuity  and  conservative  use  of  our  forest  re- 
sources, as  well  as  in  the  preservation  of  favourable  forest  condi- 
tions, both  in  behalf  of  the  agricultural  interests  of  the  country 
and  on  account  of  the  resulting  beneficial  climatic  effects. 


FORESTRY  AND  ENGINEERING. 


Thos.  Southworth. 


My  pleasure  at  being  allowed  again  to  read  a paper  before  your 
Society  is  somewhat  alloyed  by  the  difficulty  in  presenting  matter 
that  will  be  new  or  interesting  to  the  critical  scientific  minds  com- 
prising your  membership. 

Of  course  Mr.  Barrett  intimated  that  I would  be  expected  to 
address  you  on  forestry,  but  that  is  a large  subject  and  presents 
too  many  phases  to  be  treated  as  a whole,  even  hastily,  in  the  time 
at  my  disposal. 

In  view  of  the  number  of  letters  I have  received  from  various 
sources  giving  me  advice  on  the  subject  of  forestry  in  Ontario,  the 
writers  of  which  seem  to  regard  the  subject  from  such  a different 
standpoint  from  my  own,  it  has  occurred  to  me  that  I might  be 
permitted  to  define  the  term,  forestry  as  I understand  it,  speaking 
generally  as  applied  to  this  Province.  Forestry  is  primarily  a 
system  of  farming  with  trees  as  the  principal  crop — I say  .principal 
crop  advisedly — for  they  do  not  constitute  the  only  crop  in  the 
forest.  Forestry  is  not  the  mere  preservation  or  protection  of  trees, 
nor  the  planting  of  trees  where  the  country  has  been  too  much 
denuded,  as  it  is  quite  often  intimated 

In  farming  with  trees  as  the  main  crop,  it  is  essential  that  the 
financial  aspect  should  be  had  in  view  just  the  same  as  in  other  lines 
of  farming.  The  farmer  who  raises  wheat  does  so  for  profit,  and 
when  he  harvests  one  crop  he.  prepares  for  another.  Just  so  with 
the  forester,  with  the  difference,  in  this  country  at  least,  that 
nature  has  started  him  with  a grown  crop  ready  to  be  harvested, 
and  it  is  business  with  him  so  to  harvest  this  original  crop  as  to 
secure'  the  largest  financial  returns  from  it  consistent  with  the 
economical  but  effective  reproduction  of  similar  crops. 

In  Ontario  we  have  to  do  with  two  main  phases  of  forestrv 
work,  the  one  as  it  applies  to  the  individual  owner  of  woodlands. 
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the  farm  wood  loh  and  the  other  relating  to  the  larger  problem  of 
the  forest  farm  of  the  whole  people  on  the  Crown  lands. 

Both  are  important^  both  affect  the  general  welfare  of  the  • 
Province. 

The  farmers  of  old  Ontario,  in  clearing  land  to  grow  other  and 
more  valuable  crops  than  trees,  have  removed  the  forest  cover  so 
completely  as  to  seriously  affect  adversely  the  fertility  of  the  land 
in  some  sections,  and,  through  the  drying  up  of  our  water  sources, 
increasing  the  evaporation  of  moisture  from  the  soil,  and  in  other 
ways  to  seriously  alter  climatic  conditions  for  the  worse.  At  the 
same  time,  while  the  community  in  general  suffers  to  some  extent 
from  this  cause,  the  chief  sufferer  is  the  individual  farmer  himself. 

I will  confine  myself  at  present  to  a consideration  of  the  large" 
and  more  important  problem  of  forestry  on  the  lands  of  the  Crown. 

By  far  the  greater  portion  of  the  Province  of  Ontario  is  still 
tree  covered.  The  land  area  of  the  Province  is  estimated  at  about 
126  million  acres.  Of  this  less  than  25  millions  of  acres  are  suffi- 
ciently settled  to  be  under  some  form  of  municipal  government.  The 
balance,  over  100  millions  of  acres,  may  be  said  to  be  tree  covered. 
Of  this  immense  area  probably  another  40  million  acres  is  well 
suited  for  agricultural  settlement,  the  rest  being  broken  and  chiefly 
valuable  for  mining  and  forest  lands.  The  remaining  60  millions 
of  acres  is  more  or  less  tree  covered  and  is  all  capable  of  growing 
trees.  Mining  development  is  now  being  prosecuted  in  several 
points  in  this  area,  and  there  will  be  many  small  villages  and  towns 
with  the  necessary  agricultural  settlement  around  them,  but  we 
may  safely  assume  that  this  area  will,  or  rather  let  me  say  should, 
remain  permanently  in  forest — a vast  forest  farm  the  property  of 
the  whole  people.  Of  the  sixty  millions  of  acres  remaining,  the 
greater  part  is  still  covered  with  its  natural  forest  crop  yet  to  be 
harvested;  and  from  this  will  be  seen  the  vastness  of  our  resources  in 
this  line,  and  the  desirability  of  solving  the  question  of  exploitation 
in  the  wisest  way. 

As  I have  said,  forestry,  or  the  growing  and  harvesting  of  trees 
for  profit,  is  mainly  a financial  proposition,  but  there  are  certain 
other  incidental  advantages  derived  from  the  presence  of  trees  in 
larger  masses,  in  their  effect  on  climate,  water  supply,  and  in  other 
ways,  such  as  to  render  it  advisable  that  in  some  cases  the  mere 


FORESTRY  AND  ENGINEERING. 


15 


financial  aspect  should  he  subordinate.  These  incidental  advantages 
concern  the  general  public  rather  than  the  individual,  and  in  the 
case  of  the  individual  holder  of  woodland,  he  cannot  he  expected 
to  sacrifice  his  personal  financial  interests  for  the  general  good. 
For  this  and  other  reasons,  it  is  wise  that  forestry  on  a large  scale 
should  he  conducted  by  the  State.  A private  holder  niight,  under 
pressure  of  pressing  financial  need,  realize  on  his  forest  wealth  in 
a way  inimical  to  the  general  welfare  and  disastrous  to  the  indus- 
tries dependent  upon  forest  products.  The  State,  on  the  other  hand, 
is  free  from  this  danger,  and  is  in  position  to  disregard  immediate 
profits  where  a close  regard  for  them  would  adversely  affect  the 
general  good  in  other  ways.  At  the  same  time  it  is  possible  to 
retain  these  incidental  advantages  without  sacrificing  the  purely 
financial  results,  and  it  is  in  this  direction  that  the  services  of  the 
skilled  forester,  the  trained  and  scientific  observer,  will  be  required. 

'No  formulated  system  of  forestry,  no  matter  how  scientific  it 
may  be,  will  serve  in  this  Province  unless  it  is  based  on  observa- 
tion and  practice  under  our  own  conditions.  We  have  to  solve  our 
problems  in  our  own  way. 

France  and  Germany  and  other  European  countries  have  ela- 
borate scientific  forestry  systems  that  are  well  nigh  perfect  in  their 
way,  and  for  the  countries  in  which  they  have  been  developed. 
They  are  the  result  of  years  of  investigation  and  practice  by  scien- 
tific men;  yet  their  systems  are  of  little  use  to  us  except  as  forming 
a basis  from  which  to  study  our  own  needs. 

In  our  country,  where  only  a third  to  a half  of  a small  propor- 
tion of  the  more  valuable  varieties  of  trees  have  a market  value, 
we  could  not  afford  to  establish  nurseries  and  transplant  trees  on  a 
large  scale,  as  is  done  in  some  parts  of  Europe,  where  the  limbs,  roots 
and  even  the  leaves  of  the  trees  are  marketable. 

The  cost  of  preparing  the  ground,  planting  the  young  trees, 
plus  the  cost  of  protection  and  care  of  the  forests  for  50  to  100 
years,  plus  also  the  interest  on  the  capital  invested  during  that  long 
period  would,  I fear,  show  a balance  on  the  wrong  side  of  the  ledger 
when  the  crop  was  harvested.  It  is  true  conditions  will  be  changed 
in  this  country  before  a crop  planted  now  will  be  ready  for  harvest, 
but  not  sufficiently  so  as  to  make  a financial  success  of  tree  planting 
by  the  State  in  a large  scale. 
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However^,  if  we  have  not  much  cash,  we  have  plenty  of  time 
and  plenty  of  land.  A forest  will  inevitably  reproduce  itself  if 
allowed  to  do  so,  and  it  is  the  business  of  the  forester  to  assist 
Nature  in  securing  a new  crop  in  the  shortest  time  and  composed 
of  the  most  valuable  commercial  varieties  of  trees. 

Nature  is  sometimes  slow  in  her  methods  and  does  not  always 
accomplish  the  work  in  hand  as  we  would  have  it  done;  yet  in  the 
reproduction  of  forests  in  Ontario,  she  is  apt  to  reproduce  a forest 
of  the  highest  economic  value.  The  most  valuable  tree  from  a 
commercial  point  of  view  in  our  original  forests  was  the  white  pine, 
(Pinus  Strobus),  and  in  nearly  all  cases  the  forest  planted  by  Nature 
after  the  original  one  has  been  cleared  away  by  the  axe  of  the  lum- 
berman and  by  fire,  is  largely  composed  of  thaf  tree.  It  is  true  that 
after  a forest  fire  the  first  succeeding  crop  of  trees  is  composed 
largely  of  poplar  and  birch,  trees  that  seed  yearly,  and  whose  seeds 
are  light  winged  and  are  carried  miles  by  the  wind ; but  these  broad- 
leaved  trees  form  the  proper  condition  of  shade,  and  fit  the  soil  for 
the  growth  of  the  young  pines  that  grow  up  under  their  protection, 
in  all  cases  where  any  pine  trees  old  enough  to  bear  seed  have 
been  left  in  the  neighborhood.  The  young  pine  plant  is  very  deli- 
cate, and  liable  to  extinction  in  the  first  few  days  of  its  growth,  if 
exposed  to  the  direct  rays  of  the  sun.  Hence  you  will  see  that  the 
presence  of  the  forest  weeds,  the  poplars  and  birches  is  necessarj"  as 
a nursery  for  the  more  valuable  sorts;  and  Nature  is  doing  her 
work  well  in  spite  of,  nay,  in  some  cases,  assisted  by  fire.  That  we 
can  assist  Nature  and  hasten  the  growth  of  the  profitable  forest  is 
undoubted,  and  to  apply  the  trained  skill  necessary  for  this  object 
we  require  educated  foresters. 

Our  forests,  besides  returning  a direct  annual  revenue  to  the 
Province  of  over  a million  dollars,  support,  next  to  agriculture,  by 
far  our  largest  industry.  Though  not  so  attractive  as  mining,  it 
has  produced  more  wealth  in  Ontario  than  mining  is  likely  to  do 
for  some  time,  and  upon  its  continuance  depends  largely  our  pros-' 
perity.  It  is  not  too  much  to  expect  that  in  the  not  distant  future, 
the  best  trained  men  from  our  scientific  schools  will  find  employment 
in  managing  the  forest  industries  of  the  Province.  We  have  no 
School  of  Forestry  in  Canada,  though  some  three  or  four  have  been 
started  in  the  United  States.  What  we  need  is  practical  men 
whose  scientific  training  has  taught  them  how  to  observe. 
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It  is  largely  a matter  of  observing,  of  finding  ont  the  why 
of  things.  A couple  of  years  ago,  in  travelling  through  a pine 
forest  with  the  superintendent  of  one  of  our  large  lumber  firms,  I 
picked  up  a considerable  number  of  cones  to  see  if  there  were  any 
seeds  left  in  them  after  they  had  fallen  from  the  trees.  Upon 
remarking  that  I had  about  concluded  that  the  scales  of  the  cone 
opened  and  the  seeds  dropped  out  before  the  cone  fell  off  the  tree, 
my  companion  remarked: — Do  you  mean  to  say  that  there  were 
seeds  in  them  things  ? I have  seen  plenty  of  them  lying  on  the 
ground  for  years,  but  never  knew  what  they  were.^^  Uow  I cannot 
imagine  a student  of  the  S.  P.  S.  walking  over  pine  cones  for  20 
years,  as  this  man  had  done,  without  having  curiosity  enough  to  find 
out  what  they  were. 

As  an  instance  of  the  benefit  of  a scientific  training,  no  matter 
to  what  branch  of  engineering  the  problem  which  confronts  a man 
may  belong,  I may  state  that  I have  been  assisted  recently  by  a 
graduate  of  this  School  in  trying  to  solve  one  of  the  problems  that 
we  have  to  face.  A lumberman  whose  forest  contained  considerable 
quantities  of  hemlock  (Abies  Canadensis)  was  unable  to  harvest  it 
profitably.  There  was  no  local  market  for  hemlock  bark,  and  this 
inability  to  sell  the  bark  removed  the  profit  there  should  otherwise 
have  been  in  cutting  the  timber.  I happened  to  know  that  Mr.  J. 
A.  DeCew,  a graduate  of  the  S.  P.  S.,  had  been  investigating  the 
chemistry  of  woods,  and  I appealed  to  him  in  the  matter.  I have 
now  in  my  office  a very  valuable  paper  prepared  by  himi  on  the  pro- 
cess of  preparing  extract  of  hemlock  bark,  or  liquid  tannin,  and  if 
moderate  sized  portable  plants  can  be  secured  at  a suitable  price, 
hemlock  lumber  may  be  produced  profitably  in  these  limits,  as  is 
the  case  in  similar  forests  near  railways  or  near  tanneries. 

I mention  this  merely  to  show  that  the  problems  in  forestry 
practice  are  either  financial  or  scientific,  or,  correctly  speaking,  both. 
A college  training,  as  I understand  it,  does  not  make  a man  a com- 
petent surveyor  or  engineer,  but  equips  him  so  that  he  may  become 
one.  He  may  not  have  the  expert  knowledge  required,  but  he 
knows,  or  should  know,  how  to  acquire  it.  He  has  been  trained  to 
apply  his  powers  of  observation,  his  horse-sense,^^  to  the  various 
scientific  problems  as  they  arise  in  actual  practice. 
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Another  problem  in  Ontario  forestry,  largely  of  an  engineering 
nature,  is  presented  in  connection  with  the  Temagami  Forest 
Eeserve.  This  reserve,  comprising  1,400,000  acres  of  virgin  forest 
land,  contains  a very  large  quantity  of  standing  timber,  some  of 
which  is  mature  and  ready  to  cut.  The  territory  is  drained  partly 
into  the  Ottawa  Eiver  and  partly  through  the  Temagami  and  Stur- 
geon Eivers  into  Lake  Mpissing,  and  thence  to  Georgian  Bay.  The 
height  of  land  separating  the  two  drainage  basins  is  very  narrow. 

Before  beginning  to  remove  the  mature  timber  from  this 
Eeserve,  it  will  he  necessary  to  know  whether  it  would  he  prac- 
ticable or  profitable  to  connect  the  two  systems  of  waterways.  We 
will  also  require  a more  or  less  complete  topographical  map  of  the 
Eeserve;  will  need  to  find  out  what  improvements  will  be  neces- 
sary to  the  various  streams  to  enable  the  logs  to  reach  the  market, 
as  well  as  to  lay  down  and  construct  roads  in  the  hush  for  hauling 
logs  to  the  water.  There  are  other  problems  of  a purely  sylvicultural 
nature,  such  as  ascertaining  the  rate  of  growth  and  present  age  of 
the  trees  to  be  cut,  in  order  that  the  cutting  may  be  properly  exe- 
cuted, problems  to  he  solved  by  the  expert  forester;  hut  many  of 
the  problems  are  of  a purely  engineering  nature. 

I have  been  frequently  asked  if  I thought  there  was  likely  to 
be  a chance  of  employment  for  scientific  foresters  in  Ontario.  I 
quite  unhesitatingly  ^ay  I do  think  so,  not  by  the  Government  alone, 
but  by  lumbermen  as  well,  for  it  will  not  be  long  before  they  will 
see,  as  the  large  forest  owners  of  the  TJnited  States  already  recog- 
nize, that  scientifically  trained  men,  who  also  have  common  sense, 
are  better  than  men  with  common  sense  alone. 

In  this  connection  I have  referred  to  some  of  the  problems  in 
Ontario  to  be  solved,  to  show  you  that  the  training  given  in  the 
School  of  Practical  Science  is  quite  in  the  line  required  for  the 
special  work  when  the  proper  time  arrives.  True,  you  will  need 
special  work  in  botany  and  practical  forestry,  but  the  instructions 
you  are  receiving  in  civil  engineering,  as  I understand  it,  are  such 
as  you  need  for  the  forestry  profession.  Therefore,  let  me  urge 
you  when  engaged  in  surveying,  or  in  other  branches  of  engineering, 
to  observe  conditions  in  the  forest,  in  saw  milling,  in  lumbering,  and 
in  all  that  pertains  to  this  great  industry.  The  knowledge  you 
thus  acquire  will  be  useful,  and  you  do  not  know  how  soon  you  may 
be  called  upon  to  put  it  to  practical  use. 
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The  increasing  scarcity  and  cost  of  large  timbers,  together  with 
their  rapid  deterioration  in  the  air  of  most  mines,  are  bringing 
masonry,  iron  and  steel  more  and  more  into  prominence  as  materials 
for  mine  strnctnres  which  are  intended  to  he  of  a permanent  char- 
acter. The  nse  of  iron  and  steel  as  substitutes  for  timber  has 
already  had  a place  for  a considerable  time  in  continental  mining 
practice.  They  have  also  been  employed  in  many  English  mines  and 
collieries.  In  American  mines,  however,  owing  to  the  abundance 
and  relative  cheapness  of  timber  in  most  mining  camps,  iron  and 
steel  have  had  but  a limited  use  up  to  the  present.  But  there  is  a 
tendency,  even  on  this  continent,  to  restrict  the  use  of  timber  for 
many  purposes  in  mining.  This  is  partly  due  to  the  disastrous 
mine  fires  which  often  occur,  and  which  cause  mine  managers  to 
come  to  the  conclusion  that  the  extra  cost  involved  in  the  use  of 
non-combustible  materials  for  lining  permanent  ways  in  large  mines 
may  frequently  be  justified.  It  will  be  the  object  of  this  paper  to 
call  attention  to  some  typical  constructions  employing  iron  or  steel 
which  have  been  tried  in  mines  and  have  been  found  satisfactory. 

SHAFTS. 

In  lining  shafts,  rings  of  I-beams  or  channel-bars  have  been 
used  extensively  as  curbs.  They  are  upheld  at  the  proper  distances 
apart  by  struts  of  wood  or  iron,  and  backed  by  heavy  planks  or  iron 
sheeting.  The  initial  cost  of  iron  lining  in  place  is  estimated  to  be 
twice  that  of  wood  and  equal  to  that  of  masonry,  but  the  cost  of 
maintenance  is  only  one-third  that  for  wood  and  about  the  same  as 
for  masonry  in  dry  shafts.* 

The  most  successful  methods  of  sinking  shafts  in  running 
ground  all  employ  iron  tubing.  The  ordinary  methods,  as  well  as 
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those  of  Triger,  Haase,  Kind  and  Chandron,  are  described  fully  in 
the  textbooks  on  mining,  so  that  to  mention  them  in  connection  with 
this  subject  will  be  sufficient. 

Steel  has  recently  been  used  in  the  form  of  expanded  metal  in 
lining  the  shaft  of  a Pennsylvania  coal  mine.*  The  Ko.  2 shaft  of 
the  Manville  mine  at  Scranton  had  been  lined  with  a double  wood 
cribbing  with  clay  between  the  crib^.  Quicksand  and  water  had 
caused  this  work  to  fail,  and  the  management  put  in  its  place  slabs  of 
concrete  18  inches  thick,  reinforced  by  expanded  metal.  This  con- 
struction is  said  to  be  satisfactory  in  keeping  back  the  quicksand 
and  water. 

TUNNELS,  DRIFTS,  ETC. 

In  linings  for  tunnels,  iron  and  steel  have  been  used  quite 
extensively  in  Europe,  and  various  forms  of  construction  are  em- 
ployed. 

In  the  Halkyn  Drainage  Tunnel,  Flintshire,  where  the  sides  are 
firm,  but  the  roof  weak,  frames  are  employed  consisting  of  two 
hollow  cast-iron  cylinders  as  posts  with  a 50-lb.  rail  strung  across 
their  tops.  The  head  of  the  rail  is  placed  downwards  and  rests  in 
grooved  chairs  which  fit  into  the  tops  of  the  cylinders.  These 
frames  are  placed  about  three  feet  apart  and  planks  or  light  rails 
are  laid  from  one  to  the  other.  The  space  between  them  and 
the  roof  is  tightly  packed  with  stones.  A dry  stone  wall  is  built 
upon  each  side  with  an  occasional  plank  or  rail  to  make  it  firmer. 
It  was  estimated  that  to  have  secured  this  part  of  the  tunnel  with 
good  masonry  would  have  cost  nearly  twice  as  much  as  this  method, 
using  iron,  the  cost  of  which  was  $10.75  (£2  4s.)  per  linear  yard  of 
tunnel. t 

In  France,  special  forms  of  I-steel  are  manufactured  for  frames 
in  tunnels,  levels,  etc.  A favourite  form  consists  of  two  side  pieces 
suitably  bent  at  the  top  and  united  by  fish-plates  and  bolts  so  as  to 
form  a shape  like  an  inverted  IT.  Another  French  frame  much  in 
use  is  composed  of  two  semicircles  of  mild  steel.  For  this,  two 
kinds  of  sections  are  employed, — channel  steel,  and  bulb  tee  steel. 

* “ The  Doings  of  Expanded  Metal,”  December,  1901,  published  by  the  Asso- 
ciated Expanded  Metal  Companies. 

t C.  Le  Neve  Foster,  “ Ore  and  Stone  Mining,”  p.  259. 
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The  channel  steel  nsed  weighs  about  16  lbs.  to  the  yard.  It  is  sawn 
into  proper  lengths  on  leaving  the  rolls  and  bent  into  semicircles 
while  still  hot.  The  two  pieces  are  joined  by  sleeves  of  sheet  steel 
fastened  by  a couple  of  iron  wedges.  Steel  of  the  bulb  tee  section 
weighing  about  26  lbs.  per  yard  is  employed  for  heavier  ground. 


While  in  Saxony  last  year^  the  writer  was  much  impressed  by 
the  extensive  use  to  which  old  rails  are  put  in  the  silver-lead  mines 
of  the  Freiberg  district.  Here  it  is  claimed  that,  although  iron  costs 
about  the  same  as  masonry  and  will  not  last  so  long,  yet,  in  setting 
up,  the  iron  takes  much  less  time  and  when  completed  occupies  less 
space  than  masonry;  while,  in  all  probability,  the  iron  will  stand  for 
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several  generations.*  In  the  Eothshonberg  tnnnel  two  rails  are  bent 
so  as  to  form  an  elliptical  shape,  and  united  at  top  and  bottom  by 
fish  plates  and  bolts.  Behind  these  frames  light  mine  rails  are 
strung  and  fiat  pieces  of  rock  packed  in  tightly  all  around.  At  other 
places  in  the  district  rails  are  used  as  posts  and  caps.  The  head  of 
the  rail  used  as  cap  is  let  into  the  upper  ends  of  the  upright  rails. 
The  feet  of  the  Uprights  rest  directly  on  the  fioor  of,  the  tunnel. 
Where  the  sides  are  firm  and  only  the  roof  needs  support,  as  in 
drifts  where  overhand  stoping  is  employed,  rails  are  placed  across 
with  their  ends  resting  in  hitches  cut  into  the  wall-rock,  thus  form- 
ing stulls  to  support  the  waste  material  heaped  above.  The  rails 
used  for  this  purpose  are  of  varying  size  and  cross-section,  depending 
upon  the  load  they  have  to  support.  Light  mine  rails  are  strung 
across  these  rails  and  spaced  6 to  8 inches  apart,  with  flat  pieces  of 
rock  laid  on  top  to  form  the  staging  on  which  the  miners  stand  and 
pile  up  the  waste  after  each  blast.  (See  Fig.  1.)  In  some  of  tiie 
Freiberg  mines  the  rails  are  given  a slight  bend  upwards  so  as  to 
bring  the  principle  of  the  arch  into  play.  Where  this  is  done,  it  is 
usual  to  give  a bend  of  about  5 cm.  ini  100  cm.  of  length.  It  is 
claimed  that  the  strength  is  increased  by  doing  this,  so  that  much 
lighter  rails  may  be  used  than  if  they  were  straight)  under  the  same 
load.  In  places  where  the  mine  waters  are  acid,  the  use  of  iron  for 
supports  should  be  avoided.  At  several  places  in  the  upper  levels 
of  the  Himmelfahrt  mine  at  Freiberg,  the  rails  have  to  be  replaced 
frequently  on  account  of  the  rapid  corrosion  caused  by  such  mine 
water.  Fven  coating  the  rails  with  tar  is  said  to  have  but  little 
effect  in  delaying  the  corrosion. 

GANGWAYS,  ETC.,  IN  COAL  MINES. 

Steel  I-beams  have  been  used  with  success  for  some  years  at  the 
Nunnery  Colliery,  Sheffield.  The  usual  size  is  4 inches  wide,  5 
inches  deep,  with  3-8  in.  web.  They  are  used  either  as  caps  on 
timber  posts  (see  Fig.  2)  or  as  posts  and  caps.  In  both  cases  the 
beam  used  for  the  cap  has  a lug  or  band  of  wrought  iron,  1 in.  x 
3-4  in.,  shrunk  on  about  a foot  from  each  end.  This  prevents  the 
posts  from  coming  in  sideways.  Such  frames  or  sets  are  placed  3 

* “ Freiberg  Berg-und  Hiittenwesen,”  pp.  176-183. 


THE  USE  OF  IRON  AND  STEEL  IN  MINES.  23 

feet  apart,  and  old  timber  is  placed  across  from  cap  to  cap,  support- 
ing the  roof.  The  steel  beams  are  tarred  over  with  unboiled  gas 
tar,  and  have  been  in  use  several  years  without  showing  any  signs  of 
deterioration;  while  timber  at  the  same  colliery  lasts  only  two  years 
on  an  average.* 


Section  ab. 


Fig.  ^ 


In  another  English  colliery  I-beams  are  similarly  employed.  As 
an  experiment  in  this  colliery,  lengths  of  roads  were  timbered 
alternately  with  wood  and  steel  (timber  being  used  for  props  in  both 
cases.)  But,  before  definite  results  could  be  obtained,  the  district 
fired  was  dammed  off  and  abandoned.  After  a lapse  of  9 months, 
the  roads  were  re-opened,  and  it  was  found  that  the  steel  bars  had 


* C.  Le  Neve  Foster,  “ Ore  and  Stone  Mining,”  p.  261. 
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suffered  scarcely  at  all,  only  a few  being  displaced  owing  to  their 
timber  supports  breaking.  But,  at  places  where  timber  caps  had 
been  set,  the  roof  had  fallen  in,  and  considerable  expense  in  wages 
was  involved  in  repairing  it.  On  a main  haulage  road  in  this  same 
colliery  12-ft.  girders  of  a section  6 in.  x 4-J  in.  with  J-in.  web, 
weighing  78  lbs.  to  the  yard,  were  employed,  replacing  9-in.  timber 
bars.  The  first  cost  of  the  steel  here  was  times  that  of  wood. 
The  date  of  fixing  each  girder  was  noted,  and  in  many  instances  the 
girders  outlasted  3 'to  4 sets  of  timber  before  removal;  so  that,  even 
if  the  steel  bars  were  worthless  on  removal,  their  actual  cost  would 
have  been  less  than  for  timber.  But,  after  being  taken  out,  they 
had  merely  to  be  straightened  and  then  were  practically  as  good  as 
new.  * 

Cast  iron  cylinders  are  being  used  in  place  of  timber  posts  in 
many  English  collieries.  It  has  been  said,  however,  that  they  are  liable 
to  break  if  any  great  side  pressure  comes  on  them.  The  Balmer  prop 
is  a modification  which  consists  of  two  cast  iron  cylinders,  of  which 
the  lower  is  filled  with  loose  packing,  and  the  upper  telescopes  into 
it  as  far  as  the  packing  will  permit.  Holes  in  the  side  of  the  lower 
cylinder  allow  some  of  the  packing  to  be  removed,  so  that  the  prop 
can  shorten  itself.f 

For  withstanding  very  great  pressures  coming  from  floor  and 
sides  as  well  as  roof,  two  forms  of  construction  which  were  observed 
by  the  writer  in  the . Oberhohndorf  colliery  at  Zwickau,  Saxony, 
have  been  in  use  for  several  years.  One  of  these  is  a tubular  form, 
the  frames  being  rings  composed  of  two  semicircles  of  channel  steel 
joined  by  fish  plates  bolted  on  the  outsides  of  the  flanges  (Fig.  3). 
The  rings  are  2-J  metres  in  outside  diameter,  and  are  placed  1 metre 
apart,  centre  to  centre,  each  being  held  in  position  by  three  tie-rods 
or  dogs  joining  it  to  the  preceding  ring.  These  tie-rods  are  made 
from  mine  rails  cut  to  proper  lengths  and  turned  over  at  the  ends. 
The  gangway  to  be  lined  with  this  construction  has  first  to  be  en- 
larged until  its  cross-section  is  about  14  feet  square,  the  roof  and 
sides  being  held  temporarily  by  timber*  props  and  logging.  The 
excavation  is  carried  about  20  feet  in  advance  of  the  work  of  lining. 
The  floor  is  first  covered  with  concrete  up  to  a certain  level.  A 

♦ Hu^Jhes,  “ Textbook  of  Coal  Mining,”  p.  137. 

t Journal  of  Iron  and  Steel  Inst.,  1900,  II,  p.  472. 
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timber  sleeper  4 metres  long  is  then  laid  on  the  concrete,  given  its 
proper  leveling  and  alingment,  and  then  firmly  embedded  with  more 
concrete,  hour  of  the  channel  steel  rings  are  then  set  up  and  held 
temporarily  by  timber  props  and  wedges.  Timber  slabs  from  2 to 
3 inches  thick  and  2 metres  long  are  then  placed  in  position  on  the 
outside  of  the  rings,  and  concrete  rammed  in  firmly  all  around. 
Temporary  timber  supports,  which  interfere  with  the  work  as  it  is 
built  up,  are  cut  away,  leaving  the  lower  parts  imbedded  in  the  con- 
crete. When  the  concrete  filling  is  about  two-thirds  of  the  height 
of  the  excavation  it  has  to  be,  continued  in  sections  of  one  metre, 
the  end  face  of  the  section  being  held  with  boards  until  it  has  reached 
the  roof  and  has  set.  In  a double-tracked  gangway  this  work  may 
go  on  without  seriously  disturbing  its  traffic,  by  keeping  one  track 
constantly  supported  and  having  a switch  at  each  end  of  the  place 
of  construction,  so  that  both  in  and  out  going  trams  may  use  it. 
The  other  track  is  used  for  hauling  concrete  to  the  work.  Six  men 
are  required — two  miners,  two  masons,  and  two  shovellers.  Working 
two  ten-hour  shifts  per  day,  a section  4 metres  in  length  is  completed 
in  six  days.  The  total  cost  is  about  $50  per  metre  length  of  gangway. 
For  single-tracked  gangways  a construction  differing  only  in  the 
employment  of  elliptical  channel  frames  is  used,  but  where  the)  side 
pressure  is  very  great,  these  frames  have  occasionally  been  crushed 
in  at  the  joints. 

The  other  form  of  iron  construction  used  in  the  Oberhohndorf 
colliery  is  shown  by  the  sketches  in  Fig.  4.  Gross-rails  used  as  sills  are 
imbedded  in  a concrete  foundation,  and  side  walls  resting  on  them  are 
built  up  to  a height  of  about  1-J  metres  above  the  floor  of  the  gang- 
way with  a thickness  of  1 metre.  These  side  walls  are  constructed  of 
layers  of  rail  lengths  laid  crosswise  and  lengthwise  alternately.  Tie- 
rods  prevent  the  rails  from  spreading,  and  concrete  is  packed  in 
between 'and  behind  them.  The  roof  is  formed  by  lengths  of  rails, 
bent  slightly  at  the  middle,  which  arch  against  an  I-beam  at  the  top 
of  the  gangway  and  spring  from  a rail  and  angle-iron  laid  along  the 
fops  of  the  sidewalls.  In  between  the  webs  of  these  roof-rails  com- 
mon sized  bricks  are  placed.  Concrete  is  rammed  in  tightly  above 
the  bent  rails  and  the  side  walls.  This  construction  was  first  put 
in  about  16  years  ago  after  a fire  had  caused  the  collapse  of  some  of 
the  main  haulage  ways  and  had  necessitated  the  closing  of  one  of  the 
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shafts  for  several  months.  The  work  of  this  kind  which  was  then 
constructed  is  still  apparently  as  firm  as  ever.  Only  the  main  gang- 
ways are  supported  in  this  way,  and  they  only  for  a hundred  metres 
or  so  from  the  shaft,  on  account  ol  the  expense,  the  cost  being  about 
885  per  metre. 

At  the  Spring  Valley  coal  mines,  in  Illinois,  a new  shaft  had  to 
he  sunk  in  1896,  on  account  of  a fire  which  had  caused  considerable 
damage.  When  the  gangways  and  sidings  were  being  constructed  at 
the  new  shaft,  the  manager  was  particularly  anxious  to  use  as  little 
timber  or  other  combustible  material  as  possible.  The  side  walls 
were  built  of  masonry  and  15-in.  I-beams,  weighing  50  lbs.  per  foot, 
were  placed  4 feet  apart  to  support  the  roof.  These  I-beams  rested 
on  heavy  cap  stones  in  the  tops  of  the  walls.  The  width  of  the 
gangway  is , 14  feet,  and  its  height  7 feet,  from  top  of  tracks  to 
bottom  of  I-beams.  The  covering  of  the  I-beams  is  composed  of 
3-in.  oak  planks.* 

A similar  use  of  steel  girders  is  made  in  some  of  the  Pennsyl- 
vania coal  mines. 

ADVANTAGES  IN  THE  USE  OF  IRON  OR  STEEL. 

The  great  advantage  of  steel  beams  over  timber  ones  is  in  the 
matter  of  durability,  which  means,  a reduction  in  the  cost  of  repairs. 
Besides  this,  however,  there  is  the  possibility  of  using  the  beams 
elsewhere  when  taken  out.  When  only  slightly  bent  they  can  be 
reversed  and  used  over  again.  If  badly  bent  they  can  be  straightened 
or  sent  to  the  steel  works  to  be  worked  over.  In  any  case  the  steel 
has  some  value,  but  timber  after  failure  is  crushed  and  splintered  so 
badly  that  it  is  worthless.  Another  advantage  in  the  use  of  steel 
beams  is  the  increased  space  for  ventilation,  due  to  the  small  size 
of  steel  beams  compared  with  timber  ones.  Decaying  timber 
takes  fire  very  easily,  and  is  moreover  an  important  factor  in  causing 
the  air  of  a mine  to  become  foul.  Finally,  in  setting!  up  almost  any 
form  of  steel  or  iron  construction,  the  parts  can  be  put  together 
and  the  structure  completed  in  less  time  and  with  less  labour 
than  masonry,  or  even  timber  used  for  the  same  purpose. 

* “ Improvements  at  the  Sprinj^  Valley  Mines,”  Trans.  Am.  Inst.  M.  E.,  vol. 
xxix,  1900,  pp.  187-209. 
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Charles  H.  Eust,  C.E.,  M.  Can.  Soc.  C.  E. 


The  following  short  account  of  the  biological  or  bacterial 
method  of  sewage  disposal  has  been  prepared  by  the  writer  with 
the  hope  that  it  may  be  of  some  interest  to  the  members  of  yonr 
Society. 

It  is  only  within  the  past  five  or  six  years  that  the  bacterial 
method  of  disposal  has  been  brought  prominently  before  the  public, 
but  there  is  now  a large  number  of  small  towns  in  England  that 
have  adopted  it,  and  some  of  the  largest  cities  have  been  experi- 
menting, with  a view  of  doing  so,  while  in  America  at  the  present 
time  several  towns  have  installed  sewage  works  upon  the  bacterial 
system. 

The  following  short  extract  will  explain  clearly  what  bacteria 
are : — Bacteria  are  minute  forms  of  vegetable  life,  whose  existence 
was  not  even  suspected  until  late  in  the  seventeenth  century.  They 
are  so  small  that  it  requires  the  most  powerful  microscope  to  make 
them  visible  at  all.  There  are  other  low  forms  of  life  which  bear 
a part  with  them.  They  may  be  divided  into  two  classes,  the  anae- 
robic and  the  aerobic.  The  anaerobic  live  without  air,  that  is  with- 
out free  oxygen,  the  aerobic  existing  with  free  oxygen.  Exposure  to 
air  kills  the  anaerobes,  and  all  bacteria  are  destroyed  if  allowed  to 
remain  too  long  in  contact  with  their  own  products.  In  the  absence 
of  water,  or  at  least  moisture,  they  are  unable  to  multiply  and 
remain  dormant.  The  work  bacteria  do  in  the  purification  of  sewage 
is  to  oxidize  the  foul  matters  of  which  it  is  partly  composed.  To 
effect  a thorough  purification  three  separate  processes  are  needed^ 
viz.  (first)  anaerobic,  (second)  partly  anaerobic  and  partly  aerobic, 
(third)  aerobic.^’ 

The  subject  may  be  discussed  under  two  heads,  first,  the  so- 
called  septic  tank;  second,  the  contact  or  bacteria  beds;  and  under 
this  heading  comes  land  treatment,  either  by  broad  indgation  or 
by  intermittent  downward  filtration. 
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The  septic  tank  consists  of  a tank  or  series  of  tanks,  and  was 
first  introduced  by  Mr.  Cameron,  City  Surveyor  of  Exeter,  in  1895, 
when  a small  experimental  one  was  installed  to  dispose  of  the  sewage 
of  Belle  Isle,  Exeter.  These  tanks  when  first  introduced  were 
covered,  but  now  this  is  not  considered  absolutely  necessary,  although 
the  writer  is  of  the  opinion  that  in  this  country,  on  account  of  the 
climate,  it  would  be  more  satisfactory  during  the  winter  months  to 
have  some  form  of  cover.  This  system  altogether  changed  the  old 
methods  of  treating  sewage,  when  all  suspended  solids  were  thrown 
down  by  means  of  chemicals.  In  a septic  tank  the  solids  are  lique- 
fied by  means  of  anaerobic  bacteria.  It  used  to  be  considered 
necessary  to  prevent  decomposition,  but  in  the  septic  tank  the  object 
is  to  promote  it.  It  was  also  considered  necessary  to  exterminate 
all  the  bacteria.  Now  they  are  cultivated.” 

The  action  that  takes  place  in  the,  tank  is  a process  of  removing 
most  of  the  suspended  organic  matter,  some  which  is  in  solution, 
giving  an  effluent,  which,  although  not  chemically  pure,  is  inofien- 
sive,  and  in  some  cases  pure  enough  to  be  turned  into  large  streams 
or  bodies  of  water  without  creating  a nuisance.  This  is  all  brought 
about  by  the  action  of  anaerobic  bacteria,  which  are  different  from 
those  which  act  in  the  contact  beds,  and  in  land  treatment.  They 
thrive  in  the  absence  of  oxygen  and  are  the  organisms  which  cause 
putrefaction. 

Instead  of  filling  and  emptying  the  tank  alternately,  as  is  done 
ir  the  chemical  process  of  precipitation,  the  sewage  runs  continu- 
ously through  it,  the  motion  being  so  slow  that  the  contents  are 
practically  at  rest.  This  affords  an  opportunity  for  the  separation 
of  the  solid  matter,  the  heavier  substances  falling  to  the  bottom 
while  the  lighter  ones  rise  to  the  surface.  This  results  in  a thick 
scum  forming  on  the  top  of  the  liquid.  Bacteria  are  thus  afforded 
conditions  very  favourable  to  their  growth.  The  bottom  of  the  tank 
is  covered  with  a deposit  largely  mineral,  but  is  very  small  compared 
with  the  amount  of  solid  matter  that  comes  in  with  the  sewage.  It 
is  necessary,  especially  where  the  combined  system  is  in  use,  before 
putting  the  sewage  into  the  tanks,  to  pass  it  through  grit  chambers, 
which  should  be  cleaned  out  at  frequent  intervals,  and  it  would  be 
advisable  also  to  have  screens  in  front  of  these  chambers,  for  the 
purpose  of  intercepting  bits  of  wood,  rags,  etc.  These  chambers 
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should  he  frequently  cleaned  out  and  the  sludge  burnt,  if  possible. 
Having  first  removed  these  insoluble  substances  from  the  sewage,  it 
will  he  much  easier  to  obtain  a,  higher  percentage  of  destruction  in 
the  tanks. 

The  capacity  of  the  tanks  will  vary  somewhat,  depending  upon 
the  condition  of  the  sewage.  In  England  it  has  been  the  practice 
to  provide  a capacity  in  the  tanks  equal  to  three-quarters  to  one  and 
one-half  day^s  supply  of  sewage.  In  this  country^  owing  to  the 
much  weaker  nature  of  the  sewage,  one-half  to  three-quarters  of  a 
day^s  supply  will  probably  prove  sufficient,  although  the  writer 
understands  from  the  result  of  the  recent  experiments  made  at 
Manchester  that  a system  of  septic  tanks  having  a capacity  equal  to 
one-half  the  daily  flow  of  sewage  will  he  ample. 

After  the  sewage  passes  through  the  grit  chambers,  it  flows  into 
the  septic  tank,  where  it  is  acted  upon  by  the  bacteria.  It  is  found 
in  the  septic  tank  that  the  action  heghis  slowly  and  gradually  rises 
up  to  the  maximum.  It  is,  therefore,  important  that  the  ultimate 
flow  should  not  be  passed  through  the  tanks  at  first.  If  this  were 
done  sludge  would  rapidly  accumulate  before  septic  action  com- 
menced. 

The  great  advantage  of  the  septic  tank  over  the  old  system  of 
precipitation  by  chemical  means  is  the  large  reduction  in  the  amount 
of  sludge  produced.  Hot  only  does  a reduction  in  the  amount  of 
sludge  take  place,  hut  the  tank  is  of  great  use  in  obtaining  an  efflu- 
ent for  after  treatment  on  contact  beds,  and  it  also  produces  an 
effluent  readily  capable  of  nitrification. 

At  Exeter,  where  there  is  a small  experimental  tank  which  has 
been  in  use  for  the  past  six  years,  enough  gas  is  produced  for  lighting 
the  works  and  for  running  a small  gas  engine.  It  is,  however, 
questionable  whether  the  amount  of  gas  given  off  in  an  open  septic 
lank  would  be  of  sufficient  value  to  pay  for  the  cost  of  collection, 
but  in  the  new  plant  now  being  constructed  for  treating  all  of  the 
sewage  of  Exeter,  the  tanks  are  to  be  covered  and  it  is  proposed  to 
obtain  a sufficient  quantity  of  gas  to  illuminate  and  provide  power 
for  the  extensive  works.  It  is,  however,  not  supposed  that  there 
will  he  a sufficient  quantity  of  gas  to  do  this  until  a period  of  some 
months  has  elapsed.  The  gas  which  is  given  off  as  the  result  of 
decomposition  is  marsh  gas  and  free  hydrogen. 
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This  description  of  the  septic  tanks,  althongh  short,  will  pro- 
bably explain  clearly  to  the  members  of  yonr  society  their  working. 

The  contact  system  consists  in  passing  the  sewage  into  beds 
filled  with  from  three  feet  to  fonr  feet  of  filtering  material,  nsnally 
clinkers.  These  beds  are  open  and  in  them  the  sewage  is  acted  npon 
by  aerobic  bacteria,  which  thrive  in  the  presence  of  air  and  light, 
and  the  greater  portion  of  the  organic  matter  is  removed  or  changeo 
into  harmless  compounds.  If  a higher  degree  of  purification  is  re- 
quired, the  effiuent  is  passed  from  the  first  into  another  and  finer 
bed.  It  is  absolutely  necessary,  in  order  to  secure  a good  effiuent,  to 
have  these  beds  thoroughly  drained  and  aerated,  for  if  the  water 
cannot  get  out  the  air  cannot  get  in,  and  the  lower  part  of  the  beds 
gradually  becomes  putrid.  These  beds  are  drained  in  some  cases  by 
ordinary  drain  pipes  and  also  by  agricultural  drains,  3 to  inches 
in  diameter,  the  rows  being  2 feet  apart. 

When  this  system  was  first  introduced  it  was  generally  supposed 
that  coke  would  make  a satisfiactory  filtering  mterial,  but  that  has 
not  been  found  to  be  the  case,  the  sewage  having  a tendency  to 
gradually  break  down  the  coke,  and  as  it  was  necessary  to  use  a more 
refractory  material,  clinkers  were  adopted.  In  addition  to  clinkers, 
coarse  gravel  or  broken  stone  would  be  a satisfactory  material,  and 
the  writer  has  heard  of  broken  glass  being  used  with  satisfactory 
results.  The  beds  in  the  majority  of  cases  are  constructed  of  either 
brick  or  concrete^  although  in  a few  instances  where  the  soil  has 
been  suitable,  they  have  been  constructed  without  masonry.  There 
is  not  sufficient  information  available  at  present  to  know  definitely 
the  lifetime  of  the  filtering  material  or  the  annual  cost  of  opera- 
tion. In  spite  of  all  precautions  it  may  be  necessary,  after  a period 
of  three  or  four  years,  to  either  replace  the  material  or  have  it 
washed.  Up  to  the  present  time,  from  the  result  of  the  experiments 
made  in  the  various  cities  and  towns  in  England,  it  has  been  found 
that  the  capacity  of  these  beds  has  decreased  33  per  cent,  shortly 
after  being  installed,  but  have  since  shown  no  further  signs  of  de- 
crease. The  beds  must  also  be  worked  very  slowly  at  first  in  order 
to  allow  the  material  to  settle  and  the  bacterial  growths  to  form. 
In  this  way  there  would  be  less  danger  of  suspended  matter  finding 
its  way  into  the  body  of  the  bed  while  the  material  is  still  loose  and 
open.”  The  beds  become  choked  by  reason  of  the  settling  together 
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:and  breaking  down  of  the  material,  imperfect  drainage,  insolnble 
matter  entering  the  beds,  and  the  growth  of  organisms.  The  de- 
fective drainage  decreases  the  actnal  water  capacity  of  the  beds  and 
prevents  thorough  aeration,  and  other  means  should  be  taken,  there- 
fore, to  make  it  as  perfect  as  possible. 

The  manner  of  putting  on  the  sewage  to  the  beds  is  generally 
as  follows:  ’ i 

Each  bed  is  tilled  three  times  per  day,  the  filling  generally 
taking  about  three  hours,  while  the  time  taken  to  empty  is  from  VA 
to  2 hours,  and  the  beds  in  some  cases  are  allowed  one  week’s  rest 
in  five,  and  in  other  cases  they  are  given  7 hours’  rest.  The  flow  of 
sewage  is  in  some  cases  controlled  by  an  alternating  gear  and  in  other 
cases  by  the  Adams  syphon  or  by  manual  labour.  The  alternat- 
ing gear  automatically  opens  and  closes  the  various  valves  in  their 
proper  order  and  at  regular  intervals,  and  the  supply  and  discharge 
valves  for  each  pair  of  filters  are  suspended  from  the  outside  ends 
of  two  levers,  which  are  connected  to  one  shaft.  This  shaft  carried 
a couple  of  rubber  actuating  buckets,  which  furnish  the  motive 
power.  As  soon  as  the  filter  is  filled  a small  quantity  of  the  liquid 
overflows  from  its  discharge  w^ell  into  one  of  the  actuating  buckets 
belonging  to  another  pair  of  filters.”  This  action  goes  on  so  that 
each  filter  is  in  turn  filled,  rested  full,  discharged  and  aerated. 

In  addition  to  the  treatment  by  the  ordinary  Dibden  contact 
bed,  experiments  have  been  made  with  continuous  filters,  such  as 
the  Whittaker  and  Bryant,  and  Stoddart.  The  patentees  for  these 
filters  claim  that  as  much  as  3,000,000  to  8,000,000  gallons  of  sewage 
per  acre  per  day  can  be  treated. 

The  following  is  a description  of  the  Whittaker  and  Bryant 
filter  in  use  at  Eochdale,  England,  kindly  furnished  me  by  Mr. 
Pratt,  Borough  Surveyor: — 

^^There  are  two  filters,  each  having  a surface  area  of  200  square 
yards=400  square  yards.  The  volume  of  sedimented  sewage  treated 
thereon  is  about  160,000  gallons  per  day  of  24  hours.  The  sewage 
is  continuously  applied.  Each  filter  is  constructed  as  follows : — The 
foundation  is  of  cement  concrete  rendered  to  a smooth  surface  and 
made  to  fall  towards  a channel  on  one  side  provided  for  the  collec- 
tion of  the  effluent.  Besting  on  the  concrete  are  two  courses  of 
s.p.s.  3 
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bricks  in  rows  supporting  18-in.  perforated  half  pipes,  above  which 
is  the  filtering  material,  9 feet  in  depth,  composed  of  gas  coke  which 
has  had  all  smaller  than  l^dn.  taken  out  of  it. 

“In  the  centre  of  each  filter  is  a perforated  chamber  or  shaft 
of  brickwork,  pigeon-holed  for  aeration  of  the  filtering  material,  on 
the  top  of  which  rests  the  mechanism  for  distributing  the  sewage. 
This  mechanism  consists  of  four  revolving  (arms  l^-in.  and  1-in. 
iron  pipes,  which  are  perforated  at  varying  distances  and  with  holes 
of  varying  sizes,  so  as  to  ensure  a uniform  distribution  of  the  sewage 
over  the  whole  of  the  upper  surface  of  the  filter.  The  sewage  dealt 
with  is  not  treated  at  all  by  chemicals,  but  passes  into  an  open  septic 
tank,  of  capacity  about  200,000  gallons,  or  rather  more  than  the 
daily  volume  treated.  This  tank  has  been  in  continuous  operation 
since  July,  1899,  and  the  sediment  accumulated  is  now  about  12  in. 
deep.  From  this  open  septic  tank  the  etfiuent  is  syphoned  into  a 
small  collecting  tank  of  about  750  gallons  capacity,  placed  near  the 
filters,  and  from  this  it  is  pumped  by  a Ho.  5 pulsometer  pump, 
which  lifts  the  tank  etfiuent  and  forces  it  to  the  distributors  of  both 
filters,  and  causes  the  arms  to  revolve  at  the  necessary  rate  to  ensure 
the  uniform  distribution  over  the  upper  surface  of  the  filter.  The 
steam  used  in  the  pulsometer  passes  into  the  sewage,  and  in  addition 
to  that  a jet  of  steam  is  injected  into  the  sewage  (in  winter)  on  its 
way  to  the  revolving  arms,  in  order  that  the  temperature  of  the  dis- 
tributed sewage  shall  be  as  nearly  as  possible  about  10  deg.  F.  higher 
than  that  of  the  sewage  in  the  open  septic  tank,  so  as  to  ensure  the 
better  bacterial  action  of  the  filter.  __ 

“ The  effluent  from  the  bacterial  beds  contains  a certain  amount 
of  suspended  matter,  and  with  a view  of  removing  this  as  far  as 
possible  it  is  passed  through  a settling  or  deposition  tank  of  about 
10,000  gallons  capacity. 

“ The  settling  tank  requires  to  be  emptied  twice  a week,  the 
effluent  and  the  precipitated  matter  which  cannot  be  drained  away 
being  pumped  back  into  the  open  septic  tank.’^ 

The  results  of  experiments  made  in  England  with  this  class  of 
filter  are,  I believe,  fairly  satisfactory,  and  Accrington  has  adopted 
these  filters  for  the  treatment  of  all  the  sewage,  but  owing  to  our 
severe  winter,  I do  not  think  the  continuous  filter  would  be  a suc- 
cess in  this  country.  The  results  so  far  show  that  the  maintenance 
of  the  beds  and  septic  tank  will  not  be  costly. 
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The  members  of  your  Society  are  probably  aware  that  it  is  not 
absolutely  necessary  to  baive  the  septic  tank  followed  by  after-treat- 
ment on  contact  beds.  In  places  where  a high  degree  of  purity  is 
not  required,  septic  tanks  alone  will  be  sufficient,  or,  as  is  the  case 
in  some  small  towns  in  England,  contact  beds  with  either  two  or 
three  contacts,  without  the  septic  tank,  would  be  satisfactory,  but  it 
would  be  advisable  to  first  pass  the  sewage  through  small  settling 
tanks. 

Last  winter  the  writer  had  an  opportunity  in  England  of  in- 
specting some  of  the  sewage  disposal  works,  and  below  is  given  a 
description  of  the  method  in  operation  in  four  small  towns,  which 
have  adopted,  with  very  satisfactory  results,  the  bacterial  method  of 
sewage  disposal. 


HAMPTON. 

The  plant  at  this  town  was  one  of  the  best  and  most  complete 
the  writer  inspected.  Owing  to  the  rigid  requirements  of  the 
Thames  Eiver  Conservators,  three  contacts  are  used.  The  Local 
Grovernment  Board  ordered  the  effiuent  to  be  discharged  on  land 
after  coming  from  the  contact  beds,  and  the  Council  purchased  20 
acres  of  land  for  this  purpose,  but  it  was  found  that  the  effiuent 
actually  deteriorated  after  land  treatment,  and  consequently  it  was 
discontinued.  The  effiuent  is  used  for  condensing,  feeding  and 
cooling  purposes.  The  sewage  is  delivered  at  a screening  chamber, 
where  it  passes  through  J-in.  screens,  and  thence  to  the  beds  without 
sedimentation.  There  are  fifteen  beds  built  in  terraces  of  five  each.  The 
coarse  or  first  contact  beds  are  4 ft.  4 in.  deep,  50  ft.  x 34  ft.  6 in. 
filled  to  within  4 in.  of  the  top  with  coarse  clinkers  rejected  by  a 
3-4  in.  sieve.  The  medium  or  second  contact  beds  are  54  ft.  x 35  ft. 
6 in.,  filled  with  clinkers  rejected  by  a J-in.  sieve.  The  fine  or  third 
contact  beds  are  58  ft.  x 35  ft.  6 in.,  filled  with  residue  from 
screened  bed  consisting  of  finely  powdered  clinkers  and  ashes.  The 
beds  have  a fall  of  6 in.  and  are  drained  by  semi-circular  pipes,  5 in. 
in  diameter,  formed  of  concrete.  They  are  2 ft.  6 in.  apart  and  6 -in. 
sluice  valves  are  used.  The  liquid  capacity  of  the  coarse  beds  is 

20.000  gallons,  or  46  per  cent,  of  the  total.  This  capacity  has  not 
been  decreased  since  the  beds  were  first  used  in  1898.  There  is  a 
population  of  about  4,200  now  connected  with  the  sewers,  and  about 

100.000  gallons  of  sewage  is  being  treated  daily. 


36 


BACTERIAL  METHOD  OF  SEWAGE  DISPOSAL. 


The  operation  is  as  follows: — 

A coarse  bed  is  filled  to  within  about  4 in.  or  6 in.  of  the  sur- 
face of  the  bed  material,  and  allowed  to  stand  full  about  two  hours, 
then  emptied  slowly,  tahing  about  one  hour.  The  same  process  is 
employed  with  other  beds.  The  beds  are  allowed  one  week’s  rest  in 
five.  The  coarse  beds  are  charged  by  shallow  hays  8 ft.  or  10  It. 
wide,  running  across  the  entire  width  of  the  bed,  and  sunk  about 
6 in.  below  the  level,  and  are  cleaned  by  skimming  the  surface  and 
lightly  turning  it  over,  after  a week’s  rest.  On  the  medium  beds 
the  sewage  is  distributed  by  12-in.  half  channel  pipes,  having  6-in. 
branches,  2 ft.  6 in.  apart.  The  spaces  for  drainage  at  the  bottom 
of  the  beds  are  filled  with  large  clinkers.  The  surface  of  the 
medium  beds  requires  no  attention,  but  the  surface  of  the  fine  beds 
requires  occasional  weeding.  hTo  particular  method  is  adopted  for 
distributing  the  sewage  on  the  fine  beds.  Tomatoes  are  grown  on 
the  coarse  beds. 


SUTTON,  SURREY. 

This  town  was  one  of  the  first  to  adopt  the  bacterial  treatment 
of  sewage,  and  the  beds  have  now  been  in  use  four  years,  with  very 
satisfactory  results.  The  population  of  Sutton  is  about  18,000,  and 
the  daily  flow  of  sewage  550,000  gallons.  The  sewage  was  formerly 
precipitated  with  lime,  and  the  precipitation  tanks  were  converted 
into  bacteria  beds  when  the  system  was  first  introduced.  These 
beds  are  55  ft.  x 35  ft.  and  3 ft.  6 in.  to  5 ft.  deep.  There  are 
now  seven  coarse  beds  and  five  fine  ones.  All  the  new  beds  are  built 
in  clay,  the  coarse  beds  being  125 -ft.  x 45  ft.  and  150  ft.  x 135  ft., 
but  the  smaller  size  seems  to  be  preferred.  Fine  beds  are  used  for 
second  contact  and  are  160  ft.  x 30  ft.  and  170  ft.  x 30  ft.  The 
filtering  material  has  been  used  in  some  of  the  fine  beds  for  four 
years,  and  they  are  only  raked  over  in  summer  to  prevent  growth  of 
weeds.  The  fine  beds  are  ridged  and  furrowed,  and  the  material 
used  is  coke  breeze  and  burnt  ballast.  The  effluent  runs  into  a 
small  creek  and  is  very  satisfactory.  There  are  also  a few  small 
septic  tanks  which  are  covered  with  galvanized  iron  sheeting.  The 
beds  take  IJ  to  2 hours  to  fill,  care  being  taken  to  prevent  the  sew- 
age from  reaching  the  surface  of  the  beds,  the  flow  being  stopped 
as  soon  as  the  level  rises  to  within  a few  inches  of  the  top. 
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111  1891  and  1893  the  original  works  were  constrncted,  and 
designed  for  chemical  precipitation  and  broad  irrigation,  and  nntil 
1896  the  whole  of  the  sewage  was  treated  by  chemicals.  The 
effluent,  however,  was  not  snch  as  to  satisfy  the  requirements  of  the 
conservators  of  the  Eiver  Thames.  There  was  also  considerable 
difflculty  in  getting  rid  of  the  sludge,  as  there  was  no  demand  for  it, 
and  in  1896,  at  the  suggestion  of  Mr.  Dibdin,  the  eminent  chemist, 
they  constructed  the  first  bacteria  beds  for  the  treatment  of  crude 
sewage  in  England.  ! 

Mr.  Chambers  Smith,  borough  surveyor,  informed  me  that  the 
bacterial  treatment  was  much  cheaper  and  more  satisfactory  than 
the  old  system  of  chemical  precipitation. 

EXETER. 

The  first  septic  tank  installed  in  England  was  at  Exeter,  and 
was  constructed  by  Mr.  Cameron,  city  surveyor,  in  1896.  It  is  a 
small  plant  for  the  treatment  of  the  sewage  from  the  St.  Leonardos 
district,  the  population  being  about  1,500,  and  the  daily  fiow  of 
sewage  90,000  gallons.  The  septic  tank  is  65  ft.  long  by  18  ft. 
wide  and  7 ft.  6 in.  deep.  There  are  five  filters,  one  being  held  in 
reserve.  These  have  each  an  area  of  80  square  yards  and  a depth 
of  5 ft.  Furnace  clinker  is  used  in  four  of  the  filters,  and  broken 
coke  in  the  other.  No  attendance  is  required,  the  flow  and  dis- 
charge being  controlled  by  an  automatic  arrangement.  The  material 
used  in  the  construction  of  the  tanks,  etc.,  is  concrete.  The  septic 
tank  has  not  been  cleaned  since  it  was  constructed;  the  effluent  is 
very  good.  A new  plant  is  now  being  constructed  to  treat  the  whole 
sewage,  providing  for  a population  of  about  55,000.  In  the  im- 
mediate vicinity  of  the  works  there  are  several  residences,  and  the 
writer  was  informed  that  no  complaints  have  been  made. 

BARRHEAD. 

The  population  of  Barrhead  is  10,000,  and  the  daily  flow  of 
sewage  is  from  350,000  to  400,000  gallons.  The  works  in  this 
town  were  constructed  by  the  Exeter  syndicate,  and  the  septic  tank 
and  one  contact  is  used.  There  are  four  septic  tanks,  100  ft.  x 18 
ft.  X 8 ft.;  two  settling  tanks  or  grit  chambers,  18  ft.  x 6 ft.  x 5 ft., 
and  also  eight  contact  beds,  54  ft.  x 54  ft.  x 4 ft.  deep,  the 
, material  used  being  clinkers.  The  beds  are  underdrained  with 
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agricultural  tile  drains  3 in.  to  in.  in  diameter,  placed  2 ft.  apart, 
and  the  walls  are  composed  entirely  of  concrete.  The  time  occupied 
in  tilling  the  beds  is  hours.  The  same  period  is  taken  to  empty' 
the  beds,  and  the  sewage  is  allowed  to  stand  7 hours  The  cost  of 
the  works  was  $25,000.  Alternating  gear  is  used  to  control  the  flow 
and  discharge  from  the  pipes,  and  one  man  is  employed.  The 
eftluent  appeared  very  good,  and,  although  there  were  two  dairy 
farms  in  close  proximity,  there  have  been  no  complaints.  The 
works  have  been  in  operation  two  years. 

In  addition  to  the  above  places,  Manchester,  Sheffield  and  Leeds 
have  been  conducting  for  some  years  past  a series  of  very  elaborate 
experiments,  and  Manchester  is  so  satisfied  with  these  that  the  city 
is  now  engaged  in  constructing  works  consisting  of  septic  tanks 
and  bacteria  beds,  for  the  treatment  of  all  the  sewage  of  the  city. 

The  writer  is  especially  indebted  to  Mr.  Gilbert  J.  Fowler, 
Superintendent  and  Chemist  in  charge  of  the  Manchester  Corpora- 
tion Sewage  Works,  for  a great  deal  of  the  information  contained 
in  this  paper. 


Toronto,  January  15th,  1902. 


UNDERPINNING  THE  WEST  WALL  OF  THE  STOKES  BUILD- 
ING, 49  CEDAR  STREET,  NEW  YORK  CITY. 


T.  Kennard  Thomson,  C.E.,  M.  Am.  Soc.  C.  E. 


In  Febrnary,  1900,  the  Mntnal  Life  Assurance  Company  awarded 
a contract  for  the  foundations  of  their  new  building  on  Cedar  and 
Liberty  streets  to  Arthur  McMullen  & Co.  This  contract  involved 
making  four  stories  below  the  street  level  and  placing  the  cellar, 
floor  35  feet  below  the  water  level,  which,  of  course,  necessitated 
supporting  the  adjacent  walls,  as  the  foundations  of  the  new  building 
were  to  be  from  60  to  80  feet  below  the  foundations  of  the  adjoin- 
ing walls,  which  were  resting  on  quicksand  near  the  surface  of  the 
standing  water.  Much  of  this  was  aescribed  and  illustrated  by  the 
writer  in  the  Engineering  News  of  March  28th,  1901,  but  the  under- 
pinning of  the  Stokes  Building  was  only  slightly  described  in  that 
publication.  Owing  to  the  fact  that  this  wall  was  very  badly  con- 
structed it  caused  a good  deal  of  worry  until  it  was  safely  under- 
pinned. The  New  York  Building  Law,  although  full  of  many 
absurdities,  is  very  explicit  in  one  respect  where  it  states  that  the 
owners  of  adjacent  buildings  must  give  the  contractors  free  access 
to  their  property  in  order  to  protect  the  same  from  damage,  or  else 
take  the  responsibility  of  making  their  building  secure  themselves 
while  the  foundations  for  the  new  buildings  alongside  are  being  put 
in  at  a lower  level.  But  in  spite  of  this  law  the  Stokes  people  caused 
;a  good  deal  of  delay  to  us  before  giving  us  access  to  their  property, 
with  the  result  that  it  was  the  middle  of  June  before  work  was 
started  on  this  unique  wall.  It  might  be  termed  a combination 
wall,  inasmuch  as  the  Cedar  street  corner  had  no  iron  columns, 
but  consisted  of  a good  brick  pier  for  the  whole  twelve  stories.  The 
northerly  corner  had  a heavy  cast  iron  column  24  x 28  inches,  with 
1 3-4  inch  metal  in  the  basement,  first  and  second  stories,  above 
which  was  brick  work  alone.  Between  the  two  corners  were  three 
cast  iron  columns  16  x 15  inches,  IJ  inch  metal  for  the  first  five 
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floors  with  an  8 inch  brick  wall,  and  above  the  fiflth  floor  wa& 
nothing  but  a 12  inch  brick  wall.  The  four  colnmns  rested  on 
good  granite  caps  supported  by  good  brick  piers,  which  were  vertical 
on  the  outside  of  the  Stokes  wall,  hnt  stepped  off  on  the  other  three 
sides,  making  a broad  base,  but  eccentrically  loaded.  These  granite- 
caps  had  been  very  badly  set  and  were  all  cracked  through  the 
middle  when  first  loaded.  In  fact  the  entire  wall  seemed  to  be  as 
flimsy  and  disconnected  as  possible,  and  before  sinking  any  caissons 
for  underpinning  purposes  it  was  absolutely  necessary  to  bind  the- 
various  parts  together  so  that  jacking  against  one  portion  of  the 
building  would  not  break  it  in  two,  and  the  only  possible  way  to  da 
this  was  by  means  of  plate  girders  from  one  end  of  the  building  ta 
the  other.  As  the  three  centre  columns  rested  eccentrically  on  the 
edge  of  their  brick  piers,  it  was  not  safe  to  undermine  these  piers  to- 
place  the  girders  below  the  granite  caps,  nor  was  there  room  to  place 
the  girders  between  the  bases  and  the  street  floor,  and  the  only  place 
left  was  just  above  this  floor.  It  was  therefore  decided  to  use  (> 
feet  deep  plate  girders,  one  on  each  side  of  the  columns,  with  the- 
bottom  flange  about  the  level  of  the  ground  floor.  As  it  was  not 
d oirable  to  run  this  girder  outside  of  the  building  line  above  the 
sidewalk,  the  plan  of  supporting  the  corner  brick  pier  by  inde- 
pendent girders  18  feet  long  was  adopted,  leaving  4 feet  between  the 
top  of  girder  A and  the  bottom  of  girder  B,  girder  B lapping  over 
girder  A about  3 feet,  which  permitted  girders  A and  B being  con- 
nected by  a heavy  column  consisting  of  four  15  inch,  60  pound 
channels,  16  feet  long.  The  girders  A and  B were  each  15  inches 
back  to  back  of  web  plates,  which  were  drawn  up  close  against  the- 
sides  of  the  15  x 16  inch  columns.  As  the  corner  column  was  24 
inches  wide,  and  not  on  the  same  centre  line  as  the  15  inch  columns,, 
it  was  decided  to  splice  the  6 foot  girders  about  half  way  between 
the  corner  columns  and  the  first  15  inch  column,  making  an  offset 
of  3 7-16  inches  on  the  inside  of  the  building  and  5 3-4  inches  on 
thi  outside,  which  was  done  by  using  6x6  inch  angles.  (See  Fig.  1.) 

The  corner  column  was  so  excessively  large  that  all  the  holes^ 
we  wanted  to  drill  in  it  could  not  affect  the  safe  strength,  so  63  bolt 
holes  for  one  inch  bolts  were  drilled  through  the  column  and  both 
girders  without  reinforcing  the  column  in  any  way.  But  the- 
owners  of  the  Stokes  building  were  afraid  to  trust  the  other  three- 
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columns  unless  they  were  reinforced,  so  four  6 x 6 x 5-8  inch  angles 
12  feet  long  were  bolted  on  each  side  of  these  columns,  having  the 
bottom  of  the  angles  flnsh  with  the  bottom  of  the  girders  and  stand- 


ing np  6 feet  above  the  girders.  Twenty-five  1 inch  bolts  connected 
each  pair  of  these  angles  of  the  columns,  leaving  about  three  feet  of 
blank  angle  above  the  top  bolt;  this  was  the  only  modification  in  our 
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plans  made  by  the  Stokes  people  and  was  made  so  as  to  permit 
clamping  the  four  angles  to  the  column',  thus  reinforcing  the  sec- 
tion before  getting  down  to  the  bolt  holes.  Twenty-one  short  bolts 
connected  each  of  these  angles  to  the  girders,  which  had  in  addition 
seventeen  long  bolts  through  both  girders  and  column.  These  girders 
had  72  x 3-4  inch  wxb  plates,  one  6 x 6 x 3-4  inch  flange  angle  top 
und  bottom  throughout,  with  base  plates  where  required.  The  flange 
angles  were  of  course  turned  out.  All  long  bolts  were  nominally 
1 inch  in  diameter,  having  one  end  upset  to  1 1-32  inch  and  the 
other  end  to  1 3-64  inch  for  a length  of  2^  inches,  the  middle  of 
the  bar  remaining  one  inch  in  diameter,  the  screw  for  the  nut 
end  being  slightly  smaller  to  prevent  injury  in  driving.  This  design 
of  bolt  permitted  tight  driving  through  both  girders  and  both  sides 
of  the  column.  The  12  foot  angles  were  made  in  pairs  with  one 
angle  punched  in  the  shop  and  the  other  left  blank,  so  that  when  one 
was  in  place  the  holes  were  drilled  clear  through  the  column,  then 
its  mate  was  put  in  place  and  the  holes  centre  punched,  the  angle 
was  then  taken  down  and  drilled,  after  which  the  pair  of  angles  were 
put  in  position  and  the  holes  reamed  out.  These  bolts  were  driven 
just  as  hard  as  it  was  considered  safe  to  drive  without  running  a 
risk  of  splitting  the  columns  with  a line  of  bolts  as  wedges.  This 
•operation  would  have  been  tedious,  the  bolts  going  through  the 
girders  and  column,  so  a frame  was  rigged  up  to  permit  drilling  the 
holes  from  each  side  of  the  column,  which,  of  course,  did  not  give 
holes  in  absolutely  true  line  through  both  sides  of*  the  column  and 
girder,  but  it  was  found  that  all  that  was  necessary  was  to  shove  a 
bolt  through  from  one  side  and  see  how  far  the  hole  on  the  other 
side  of  the  column  was  off  centre,  and  then  give  the  bolt  a slight  tap 
on  a log  of  wood,  and ‘with  a little  practice  the  men  were  able  to 
bend  the  bolts  to  the  exact  amount  required.  Each  bolt  was  put 
in  a lathe,  pneumatic,  and  each  end  was  filed  down  until  both  ends 
•of  the  bolt  had  a good  hard  driving  fit  for  its  hole. 

The  first  intention  was  to  sink  heavy  cylinders  between  the 
■columns  of  the  old  building  and  carry  the  old  columns  entirely  on 
the  girders,  but  when  the  Stokes  people  raised  objections  to  leaving 
the  girders  in  permanently,  claiming  that  because  the  top  flange 
would  extend  4 inches  into  their  room  and  decrease  the  rental  value 
thereof,  it  was  resolved  to  put  down  the  caissons  between  the  col- 
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umns  first  and  carry  the  columns  by  means  of  these  caissons  and  the 
girders,  and'  then  undermine  the  columns  themselves  by  new  or 
additional  caissons,  which  of  course  would  take  the  strain  off  of  the 
girders  and  intermediate  cylinders.  Before  any  work  was  done  on 
the  building  a partition  was  placed  about  3 feet  from  the  wall  on 
the  inside  of  the  Stokes  building,  so  that  the  tenants  would  not  be 
disturbed  in  any  way  by  the  operations  on  the  wall.  This  partition 
was  made  of  boards  and  studs  with  4 inch  terra  cotta  blocks  behind, 
and  was  then  papered.  Coming  to  an  understanding  with  the 
Stokes  people,  and  putting  in  the  partition  and  girders  B and  C took 
time,  so  that  it  was  July  21st  before  any  caissons  could  be  put 
directly  under  the  wall.  In  the  meantime,  however,  a trestle  had 
been  built  at  the  north  end  of  the  wall,  to  hold  100  tons  of  pig  iron 
to  resist  the  jacks  used  to  enforce  cylinder  No.  9 down,  as  this  cylinder 
came  entirely  beyond  the  building  and  formed  half  of  the  temporary 
support  for  the  end  column,  for  although  this  cylinder  was  directly 
under  the  end  of  girder  C,  it  was  not  considered  safe  to  jack  against 
the  girder  for  fear  of  putting  bending  strains  in  the  end  column, 
which  as  already  stated,  was  of  cast  iron,  and  ran  up  only  two  stories. 
Cylinder  No.  9,  the  first  eight  being  under  another  wall,  was  jacked 
down  to  rock  under  this  platform  through  36  feet  of  quicksand,  12 
feet  of  hardpan,  and  then  through  9 feet  of  fine  sand  and  decom- 
posed mica.  The  jacking  started  on  July  9th,  and  the  cylinder  was 
filled  with  concrete  on  July  20th,  or  in  11  working  days.  As  this 
caisson  was  intended  to  be  used  only  until  the  new  cellar  was  com- 
pleted, a temporary  support  was  quickly  made  to  go  between  the 
cylinder  and  girder  C,  by  taking  four  20  inch  I-beams,  weighing  65 
pounds  per  foot,  and  10  feet  7 3-8  inches  long,  and  bolting  them 
together  in  pairs  with  two  8 x 10  inch  timbers  for  separators.  Under 
and  also  over  this  post  were  four  15  inch  I-beams  weighing  60  pounds 
per  foot  and  3 feet  long,  to  distribute  the  strain  from  the  girders 
above  and  to  the  cylinder  below.  Between  the  post  and  the  upper 
I-beams  were  two  8 x 1^  x 20  inch  plates  over  each  of  the  four 
vertical  beams,  with  four  steel  wedges  the  same  size  as  used  on  the 
previous  cylinders,  each  wedge  being  2J  inches  wide,  ^ inch  thick 
at  one  end,  and  1 inch  at  the  other  end,  and  18  inches  long,  and 
of  course  planed  on  top  and  bottom.  These  16  wedges  were  driven 
until  the  girders  were  slightly  deflected  upwards.  The  pig  iron 
was  then  transferred  to  a similar  trestle  built  under  the  curb  to  jack 
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down  cylindrical  caisson  ISTo.  11,  which  was  started  on  July  21st  and 
finished  August  9th.  By  this  time  the  Stokes  people  had  decided 
that  our  girders  B and  C would  have  to  be  removed  before  we  left 
the  job;  so  it  was  resolved  to  stop  three  cylinders  that  did  not  come 
directly  under  any  old  column  near  the  top  of  the  hardpan  instead 
of  carrying  them  to  rock  like  the  other  seven.  This  kicking  by 
their  neighbours  however  saved  the  Mutual  Life  Company  quite  a 
little  expense  .and  time;  for  instance,  cylinder  No.  10,  which  was 
started  the  same  day  as  No.  11,  was  completed  on  August  26th,  or 
in  six  working  days,  as  against  ten,  No.  11  being  delayed  a couple  of 
days  waiting  for  cast  iron  cylinders,  although  we  had  two  different 
shops  at  work  on  these  cylinders  since  early  in  April. 

The  cylinders  were  the  same  as  those  used  under  the  Mutual 
Life  Building  on  Cedar  street,  being  3 feet  outside  diameter  and  33 
inches  inside  diameter.  The  details  of  these  cylinders,  with  their 
steel  cutting  edge,  diaphragm  caps,  etc.,  are  fully  described  in 
the  Engineering  News  of  March  28th,  1901.  Cylinder  No. 

9,  however,  had  three  diaphragms,  4 feet,  9 feet,  and  19  feet 
from  the  cutting  edge,  as  there  was  not  sufficient  head  room 
to  jack  down  9 ft.  of  cylinder  before  striking  water  and  necessitating 
the  use  of  compresed  air.  Cylinder  No.  10  went  through  40  feet 
of  quicksand  and  3J  feet  into  the  hardpan  to  get  a good  bearing. 
Cylinder  No.  11  passed  through  35  feet  of  quicksand,  13  feet  4 inches 
of  hardpan  and  7 feet  of  fine  material  under  the  hardpan,  landing  on 
bed  rock.  Cylinder  No.  12,  commencing  on  July  31st,  sank  through 
35  feet  of  quicksand  and  2 feet  7 inches  of  hardpan,  being  concreted 
on  August  4th  and  5th.  Cylinder  No.  13  penetrated  32  feet  of 
quicksand  and  3 feet  4 inches  of  hardpan,  taking  from  August  7th 
to  August  15th.  Cylinder  No.  10  had  five  15  inch  at  60  pound 
I-beams  3 feet  6 inches  long  on  top  of  the  cap,  and  four  vertical 
beams,  the  same  as  for  the  first  eight  cylinders,  under  the  opposite 
wall,  but  these  were  wedged  directly  under  the  webs  of  the  girders. 
On  cylinders  Nos.  12  and  13,  the  distance  from  the  cap  to  the  girders 
being  shorter,  the  horizontal  beams  were  omitted. 

The  entire  wall,  with  the  exception  of  the  Cedar  Street  corner, 
now  being  carried  by  the  girders  B and  C,  it  was  safe  to  commence 
undermining  the  four  cast-iron  columns.  The  brick  piers  and  3^ 
feet  of  concrete  were  very  hard  and  slow  to  remove,  even  with  the 
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aid  of  a gadder  drills  so  that  it  was  August  22nd  before  the  sinking 
of  cylinder  No.  14  commenced^  where  the  material  was  found  to  be 
32  feet  of  quicksand,  15  feet  of  hardpan,  and  then  lOJ  feet  of  fine 
sand  and  boulders.  This  cylinder  was  completed  on  September  5th. 
Five  15  inch  60  pound  beams  were  placed  under  the  granite  caps, 
and  the  wedges  driven  between  the  beams  and  the  cast  iron  cap 


Fig.  2. 


until  the  column  and  granite  cap  above  were  lifted  a hair’s  width. 
Cylinder  No.  15,  commencing  on  August  26th,  passed  through  30 
feet  of  quicksand,  17  feet  of  hardpan,  and  12  feet  of  fine  material 
under  the  hardpan,  and  was  filled  on  September  4th;  the  wedging, 
etc.,  being  similar  to  No.  14.  Cylinder  No.  16  is  directly  under 
the  corner  column,  and  while  the  shoe  and  bottom  section  of  the 
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old  column  were  being  removed,  thus  transferring  the  entire  weight 
of  this  corner  of  the  building  from  the  old  base  to  the  new  girders, 
a Y level  was  kept  sighted  on  the  girders  from  a secure  position  on 
the  opposite  side  of  Liberty  Street,  and  at  no  time  did  the  weight 
of  the  building  cause  the  slightest  deflection  in  these  girders,  C, 
showing  that  the  wedging  had  been  sufficient  to  overcome  any  ten- 
dency to  deflect.  Cylinder  No.  17,  which  supports  one  end  of  girders 
A and  B,  and  consequently  is  half  the  support  for  the  Cedar  Street 
comer  brick  columji,  was  held  back  untih  September  8th,  until  access 
could  be  had  to  the  place,  and  was  landed  on  rock  on  September 
25th,  the  hardpan  being  14  feet  thick  and  9 feet  above  the  rock. 

As  soon  as  Yo.  17  was  filled  and  capped,  girders  A were  put  in 
place.  The  erection  of  these  two  girders  caused  more  worry  and 
anxiety  than  any  other  part  of  the  work,  for  this  comer  consisted 
of  a brick  pier,  or  rather  column,  5 feet  x 6 feet  and  twelve  stories 
high,  and  to  cut  a notch  in  one  side  of  this  column  near  the  bottom 
7 feet  high,  and  about  20  inches  into  the  pier,  or,  in  other  words, 
cutting  off  about  20  inches  out  of  60  inches  to  place  the  girders  A 
in,  was  cutting  a big  slice.  Before  making  this  cut  four  12  x 12 
inch  inclined  shores  of  timber  were  placed  side  by  side,  with  their 
tops  braced  against  the  floor  of  the  second  story  and  the  bottoms 
firmly  secured  about  the  level  of  Cedar  Street.  (See  Fig.  2.)  A 
similar  strut  of  four  timbers  was  placed  on  the  lot  side  of  the  corner. 
Then  seven  inches  of  the  20  inches  were  stripped  off  the  side  of  the 
brick  column  and  three  15  inch  beams  6 feet  6 inches  long  and 
weighing  60  pounds  were  put  in  place  and  wedged  up  while  the  re- 
maining 13  inches  were  being  cut  out,  and  when  this  was  done  two  of 
the  beams  were  removed  and  the  inside  girder  A was  put  in  place  and 
temporarily  wedged  up,  when  the  third  strut  was  removed  and  the 
outside  girder  A was  quickly  slid  in  place  and  levelled  up,  and  then 
the  two  base  plates  and  the  cover  plates  were  quickly  bolted  up.  One 
fact  which  relieved  a good  deal  of  anxiety  about  this  corner,  was 
the  fact  that  a few  inches  ^above  the  girder  was  a good  granite  cap 
18  inches  thick,  extending  under  the  whole  corner,  which  greatly 
reduced  the  risk  of  the  brick  work  above  cracking.  As  the  vertical 
space  to  this  cap  was  only  6 3-8  inches,  it  was  decided  to  use  fifteen 
4 inch  rails  weighing  60  pounds  per  yard,  cut  in  2 foot  lengths  and 
placed  side  by  side.  A filler  3 inches  x 5-8  inch  x 5 feet  was  placed 
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over  each  web  so  that  the  rails  would  not  foul  the  heads  of  the  cover 
plate  bolts.  The  rails  were  of  course  placed  at  right  angles  to  the 
girders,  and  over  each  rail  were  driven  two  pairs  of  wedges,  the 
upper  wedge  bearing  directly  against  the  18  inch  granite  cap.  Each 
v/edge  was  inches  wide  x 12  inches  long  x 7-8  inch  thick  at  one 
end  and  1-8  inch  at  the  other.  An  assortment  of  shims,  1-lb,  1-8 
and  1-4  inch  thick,  were  used  for  evening  up.  The  wedges  were 
driven  hard,  and  then  all  the  interstices  between  the  rails  were  filled 
up  and  the  most  treacherous  part  of  the  underpinning  was  com- 
pleted. The  next  operation  was  the  connection  of  girders  A and 
B,  which  was  designed  to  carry  either  tension  or  compression : ten- 
sion when  the  jacks  were  being  used  on  cylinder  No.  18,  to  avoid 
any  danger  of  bending  the  super-imposed  old  column,  and  compres- 
sion to  carry  the  same  column  when  the  jacks  had  been  removed. 
Both  girders  were  placed  15  inches  back  to  back  of  web  plates,  and 
the  strut  was  made  by  bolting  four  15  inch  channels  16  feet  long 
to  the  webs  of  girders  A and  B,  the  channels  being  coupled  by 
several  12  inch  tie  plates.  The  girders  proved  rigid  enough  to  with- 
stand the  application  of  two  125  ton  jacks  without  defiection. 

The  entire  western  wall  of  the  Stokes  building  being  now 
secured,  the  last  cylinder.  No.  18,  was  sunk  to  support  the  column 
after  the  girders  should  be  removed.  This  cylinder  was  started  on 
October  13th  and  completed  11  days  later.  There  we  had  10  feet  of 
fine  stuff  under  10  feet  of  hardpan  and  35  feet  of  quicksand  on  top. 
The  entire  wall  was  thus  wedged  off  its  original  supports.  One  cause 
of  worry  was  the  poor  connections  of  the  old  iron  work;  for  instance, 
the  fioor  at  one  place  was  carried  to  the  column  by  two  20  inch  I 
beams ; but  the  only  connections  between  the  beams  and  the  column 
were  two  3-4  inch  bolts  for  each  beam.  It  is  true  that  brackets  had 
been  placed  on  the  columns  under  the  beams,  but  through  some  mis- 
take in  the  shop  they  were  placed  3-4  of  an  inch  too  low  to  do  any 
good.  Several  months  after  the  work  on  this  wall  was  completed, 
these  3-4  inch  bolts  were  sheared  off,  allowing  the  20  inch  beams 
to  drop  on  the  shelf  brackets.  It  is  probable  that  as  the  ends  of 
these  girders  were  exposed  to  the  winter  weather,  that  the  expansion 
and  contraction  had  snapped  the  already  overstrained  bolts.  When 
all  the  joints  exposed  to  view  showed  such  a bad  state  of  affairs,  it 
left  considerable  doubt  as  to  what  the  remaining  joints  in  the  Build- 
ing were  like,  and  therefore  it  was  not  considered  advisable  to  remove 
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the  girders  B and  C until  the  iron  work  of  the  new  building  was 
erected.  It  would  of  course  have  been  vastly  better  to  have  left 
both  girders  in  permanently,  but  the  Stokes  people  demanded  $10,000 
if  the  inside  girder  was  left  in,  although  they  would  have  had  a much 
safer  building  at  no  cost  to  themselves.  Eventually  we  removed  the 
cover-plates  and  flange  angles  of  the  inside  girder,  leaving  both 
web  plates  in  place. 

In  this  building,  as  before,  when  the  concrete  was  put  in  the 
air  chamber  to  the  level  of  the  lower  door  when  hanging  open,  the 
air  was  left  on  for  twenty-four  hours  with  a gaugeman  to  watch  the 
indicator,  but  one  Sunday  night  the  man  must  have  went  to  sleep  and 
allowed  the  air  pressure  to  increase  probably^ to  the  pressure  in  the 
receiver,  about  40  pounds  per  square  inch,  instead  of  keeping  it  down 
to  about  20  pounds.  The  result  was  that  the  air  forced  its  way 
through  the  6 feet  of  hard  concrete,  bubbled  up  around  the  cylinder 
and  raised  the  surrounding  sand  a foot,  allowing  two  feet  of  sand  to 
flow  over  into  the  cylinder.  This  and  several  other  incidents  proved 
the  utter  unreliability  of  labouring  men  for  gaugemen.  Four  hy- 
draulic jacks  were  used  on  this  job,  two  of  60  torijS  capacity  and  two 
of  125  tons  each.  These  jacks  required  a good  deal  of  repairing. 
Sometimes  one  jack  was  used  on  a'  cylinder  and  sometimes  two 
together.  , ; , ' . . 


CONCRETE  CULVERTS. 


A.  W.  Campbell. 


A great  many  townships  thronghont  the  Province  have  largely 
discarded  timber  as  a material  for  small  culverts  and  sluiceways. 
Cedar  where  obtainable  has  been  most  commonly  used,  bnt  all 
varieties  of  suitable  lumber  are  becoming  scarce,  the  price  is  con- 
stantly increasing,  and  the  quality  now  available  is  far  from  being 
equal  to  that  of  former  years.. 

Those  municipalities  which  have  experimented  with  vitrified 
and  concrete  tile,  have,  with  very  few  exceptions,  been  favourably 
impressed  with  the  new  materials.  Failure  and  some  dissatisfaction 
are  occasionally  reported,  but  this  in  every  case  can  be  traced  to 
causes  not  in  any  sense  condemnatory  of  the  new  materials.  Where 
any  kind  of  tile  is  used  there  are  certain  requirements  which  must 
be  observed.  In  the  first  instance  the  tile  must  be  of  good  quality 
It  is  just  as  necessary  to  use  good  tile  in  culverts  as  in  sewers; 
where  culled  tile  are  used,  failure  is  almost  of  necessity  the 
result.  These  tile  must  be  perfectly  sound  and  straight,  not 
warped  or  mis-shaped  in  any  way,  otherwise  good  joints  cannot  be 
made,  water  will  lie  in  hollow  places,  and  culverts  are  apt  to 
wash  out. 

Excellent  culvert  pipe  of  concrete  can  be  manufactured  cheaply 
in  any  gravel  pit  under  the  immediate  direction  of  the  road  over- 
seer. The  pipes  are  from  two  to  four  inches  in  thickness,  accord- 
ing to  diameter;  which  latter  may  safely  and  conveniently  reach 
three  feet,  in  lengths  of  two  and  one  half  feet. 

The  implements  required  are  of  the  simplest  kind.  The  most 
important  are  two  steel  spring-cylinders,  one  to  sit  inside  the  other, 
ieaving  a space  between  the  two  equal  to  the  thickness  of  the  fin- 
ished concrete  pipe.  By  spring-cylinder  it  may  be  explained  is 
s.p.s.  4 
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meant  such  a cylinder  as  would  be  formed  by  rolling  a steel  plate 
into  a tube  without  -sealing  the  joint.  With  the  smaller  of  these 
cylinders  the  edges  overlap  or  coil  slightly;  but  are  so  manufactured 
that  the  edges  may  be  forced  back  and  set  into  a perfect  cylinder. 
Accompanying  these  moulds  are  bottom  and  top  rings,  which  shape 
the  bell  and  spigot  ends  of  the  pipe. 

The  two  cylinders  with  joints  flush  are  set  on  end,  the  one 
centrally  inside  the  other  and  on  the  bottom  ring,  which  in  turn 
rests  on  a firm  board  base.  The  concrete,  made  of  first-class  cement 
and  well-screened  gravel  in  the  proportion  of  one  of  cement  to  tliree 
of  gravel,  is  then  tamped  firmly  but  lightly  into  the  space  or  mould 
between  the  two  cylinders.  The  tamping-iron  used  to  press  the 
concrete  into  place  is  so  shaped  as  to  fit  closely  to  the  cylinders. 

The  concrete  is  allowed  to  stand  in  the  mould  for  a short  time, 
when  the  cylinders  are  removed;  the  outer  and  larger  cylinder  by 
inserting  an  iron  wedge  into  the  joint  and  forcing  the  edges  apart  ^ 
the  inner  cylinder,  by  inserting  the  wedge  into  the  joint  and  turn- 
ing the  edges,  so  as  to  allow  them  to  again  overlap,  returning  to  the 
shape  of  a coil.  The  outer  cylinder  having  thus  been  made  larger 
and  the  inner  one  smaller,  they  can  readily  be  taken  away,  and  the 
concrete  pipe  is  then  left  until  thoroughly  hardened. 

Just  such  a number  of  pipe  as  are  actually  required  for  the 
season’s  work  need  be  manufactured;  the  implements  required  are 
inexpensive,  and  the  pipe  may  be  made  by  the  municipality  for 
actual  cost,  which,  after  a little  experience,  can  be  reduced  to  a very 
small  amount.  ' 

If  cement  concrete  pipe  are  employed,  they  must  be  of  first- 
class  quality.  They  must  be  well  shaped,  as  with  sewer  pipe,  and  ail 
the  rules  for  making  a good  concrete  must  be  observed — that  is,  the 
material  composing  the  concrete  (cement,  sand  and  stone)  must  be 
of  good  quality,  and  properly  mixed.  The  making  of  good  con- 
crete is  not  a difficult  matter,  but  it  is  sometimes  difficult  to  find 
men  who  will  follow  directions.  Dirty  sand  or  gravel,  too  much 
water,  careless  and  insufficient  mixing,  neglect  to  see  that  the 
materials  are  used  in  the  right  proportions,  are  the  defects  most 
commonly  found.  Concrete  cannot  be  mixed  like  common  mortar, 
and  an  attempt  to  do  so  is  far  too  often  made.  It  is  affirmed  by 
cement  manufacturers  that  masons  are  the  greatest  offenders  in 
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this  respect;  that  it  is  almost  impossible  to  get  them  to  follow  any 
system  other  than  that  to  which  they  have  been  accnstomed  in  the 
nse  of  common  lime;  and  that  therefore  an  entirely  inexperienced 
but  practical  man,  who  will  follow  directions,  will  often  make  the 
best  concrete. 

To  meet  with  success  in  the  nse  of  tile  culverts  they  must  be 
put  in  place  properly.  They  should  be  laid  with  a good  fall  on  a 
regular  grade  to  a free  outlet,  in  such  a way  that  water  will  not 
stand  in  them.  The  tile  should  be  laid  with  the  spigot  end  down 
grade,  and  the  joints  made  tight  with  cement  mortar.  If  the  joints 
are  open  water  will  work  its  way  along  the  outside  of  the  culvert,  and 
finally  make  a considerable  channel  which  will  allow  the  culvert  to 
get  out  of  line  and  finally  result  in  a cave-in.^^  To  prevent  the 
water  finding  its  way  along  the  outside  of  the  pipe,  it  is  advisable 
to  protect  the  ends  with  concrete,  stone  or  brick  head  walls. 
Care  should  be  taken  to  excavate  a concave  bed  for  the  pipe, 
with  depressions  for  the  bell  of  the  pipe  to  rest  in,  thus  securing 
an  even  bearing,  without  which  a heavy  load  passing  over  before  tne 
culvert  has  properly  settled  into  place,  may  burst  the  tile.  Tile 
cannot  be  used  in  very  shallow  culverts,  but  must  have  a sufficient 
depth  of  earth  over  them,  to  protect  them  from  the  direct  pressure 
of  heavy  loads.  The  depth  of  covering  necessary  increases  with 
the  size  of  the  pipe.  At  least  a foot  of  earth  over  the  top  is  advis- 
able in  every  case,  but  for  culverts  of  two  feet  in  diameter,  or 
over,  this  should  be  increased  to  at  least  eighteen  inches. 

The  earth  should  be  well  packed  and  rammed  around  the  tile 
to  secure  a firm  bearing,  and  light  soils  should  not  be  used  immooi- 
ately  over  or  around  the  culvert.  A heavy  clay,  a firm  gravel,  or 
a compact  sand  or  gravel  will  answer,  but  vegetable  mould,  water 
sand,  and  light  loams  are  subject  to  wash-outs.  At  the 
outlet  the  culvert  should  be  set  nearly  flush  with  the 
surface  of  the  ground.  If  set  higher  than  the  surface,  the  fall  of 
water  will  wash  out  a depression,  and  in  time  will  undermine  the 
end  of  the  culvert.  A too  rapid  grade  will  have  the  same  etfect, 
and  it  is  well  to  cobble-pave  an  outlet  where  this  undermining 
action  is  likely  to  occur. 

Culverts,  in  many  townships,  are  very  numerous,  and  neces- 
sarily so.  Water  should  be  disposed  of  in  small  quantities,  along 
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natural  watercourses,  otherwise  if  gathered  in  large  bodies  along 
the  roadside,  it  gathers  force  and  headway,  resulting  in  extensive 
wash-outs,  and  is  in  every  way  more  costly  to  handle.  Water 
should  he  taken  away  from  the  roads  as  quickly  as  possible,  for  it  is 
excess  water  that  is  the  great  destroyer  of  roads. 

Culverts,  in  addition  to  being  a matter  of  considerable  expense 
to  municipalities,  are  too  often  in  a had  state  of  repair,  sometimes 
dangerous,  and  when  not  level  with  the  roadway,  are  an  annoyancb 
and  interruption  to  traffic.  Good  roadmaking  is  largely  a matter 
of  good  drainage,  and  culverts  are  a detail  of  drainage  upon  which 
municipal  councils  should  bestow  a good  deal  of  attention,  with  a 
view  to  a greater  permanency,  increased  efficiency,  and  a reduction 
of  cost.  ! 

The  concrete  arch  culvert  is,  in  a number  of  municipalities, 
replacing  the  old  form  of  timber  structure.  Greater  in  first  cost, 
the  concrete  culvert,  if  rightly  constructed,  is  a permanent  saving 
in  road  expenditure.  The  greater  portion  of  the  annual  road  appro- 
priation is,  in  many  townships,  spent  in  repairing  and  re-building 
wooden  culverts  and  sluiceways.  The  life  of  timber  in  this  work 
is  very  short.  Wooden  culverts  -are  quickly  upheaved  by  frost, 
warped  by  the  sun,  and  decayed  by  penetration  of  moisture.  Wher- 
ever concrete  culverts  have  been  fairly  tested  they  give  satisfac- 
tion, and  their  general  use  by  a township  will  mean,  in  the  course 
of  a few  years,  a marked  reduction  in  this  branch  of  roadwork. 

The  stone  arch  is  designed  on  the  principle  that  it  will  remain 
in  place  without  the  use  of  mortar.  The  concrete  arch,  on  the 
other  hand,  is  a monolith,  dependent  upon  its  cohesive  strength. 
That  the  concrete  arch  is  dependent  upon  cohesive  strength  points 
to  the  necessity,  in  construction,  of  a generous  proportion  of  cement, 
very  great  care  in  mixing  the  concrete,  and  a good  quality  of  all  _ 
materials  employed. 

A concrete  can  best  he  regarded  as  a mixture  of  mortar  and 
broken  stone,  the  mortar  being  formed  from  a mixture  of  sand  and 
cement.  Given  a sample  of  broken  stone  in  a vessel,  the  requisiie 
quantity  of  mortar  can  he  gauged  by  pouring  water  into  the  vessel 
until  the  stone  is  submerged.  The  quantity  of  water  used  will 
indicate  the  amount  of  mortar  required  to  completely  fill  the  voids 
in  the  stone.  The  proportionate  amount  of  cement  needed  to  fill 
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the  voids  in  the  sand  can  be  ganged  in  the  same  way.  The  pro- 
portions of  cement,  sand  and  broken  stone  obtained  in  this  way 
would  provide,  with  perfect  mixing,  a mortar  in  which  the  voids 
in  the  sand  are  tilled  with  cement  and  each  particle  of  sand  is 
coated  with  cement;  it  would  provide  a concrete  in  which  the 
interstices  of  the  stone  are  tilled  with  this  mortar,  and  each  stone 
coated  with  mortar.  This  would  be  the  case  with  perfect  mixing, 
and  would  provide  a theoretically  perfect  concrete.  Perfect  mixing 
is  not  possible,  however,  and  it  is  necessary  to  provide  an  amount 
of  cement  in  excess  of  the  voids  in  the  sand,  and  an  amount  of 
mortar  in  excess  of  the  voids  in  the  stone. 

With  proper  mixing  and  good  materials,  a satisfactory  concrete 
for  bridge  abutments  can  be  formed  from  cement  and  broken  stone, 
in  the  proportions  of  one,  three  and  six.  It  is  recognized  that  the 
greatest  strength  in  concrete  can  be  obtained  by  making  the  mortar 
rich  in  cement,  rather  than  by  lessening  the  quantity  of  stone,  but 
beyond  providing  for  a strong  adhesion  of  mortar  and  stone,  little 
is  gained  by  making  the  mortar  materially  stronger  than  the  stone. 
The  foregoing  applies  to  crushing  strength,  however,  rather  more 
than  to  the  tensile  strength  required  to  some  extent  in  the  arch. 
For  the  arch  proper,  it  will  be  well  to  use  a richer  concrete,  in,  say, 
the  proportions  of  one  of  cement,  two  of  sand,  and  three  of  broken 
stone. 

The  cost  of  the  abutments  may  be  lessened,  where  they  are  of 
sufficient  thickness,  by  the  use  of  rubble  concrete,  The  casing  or 
curbing  must  be  built  up  as  the  laying  of  the  concrete  proceeds. 
Within  the  casing  and  firmly  tamped  against  it,  there  should  be 
placed  fine  concrete  to  a thickness  of  about  six  inches.  This  will 
form  a shell  for  the  abutment,  inside  of  which  large  stones  may  be 
placed  in  rack-and-pinion  order,  ends  up.  There  should  be  a space 
of  at  least  two  inches  between  the  stone,  filled  with  fine  concrete, 
and  all  firmly  rammed.  The  outer  shell  of  fine  concrete  should 
always  be  kept  built  up  six  inches  or  so  in  advance  of  the  rubble 
work.  Ihe  rubble  sliould  be  placed  in  layers,  each  layer  well  flushed 
^vith  a layer  of  fine  concrete. 

The  lumber  used  in  making  the  curbing  or  casing  should  be 
dressed,  tightly  fitted  land  firmly  braced,  so  that  the  concrete  may 
be  well  rammed  into  place.  The  framework  should  be  closely 
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boarded  up  against  the  work  as  it  proceeds.  The  centering  for  the 
arch  should  be  well  formed.  The  ribs  should  not  be  farther  than 
three  feet  apart.  The  lagging  should  be  three  inches  thifck  and 
dressed  to  the  intrados  of  the  arch.  All  the  framework,  centering 
and  supports  should  be  substantial  and  well  constructed.  This 
framework  is  a considerable  item  of  expense  in  the  building  of  a 
culvert,  but  it  can  be  used  as  often  as  it  may  be  required  for  arches 
of  similar  span.  The  exterior  of  the  culvert  when  finished  should 
have  a smooth  face,  free  from  holes;  and  a surface  coating,  which 
is  of  little  use,  should  not  be  necessary. 

There  is  some  difference  of  opinion  as  to  the  relative  strengths 
of  gravel  and  broken  stone  in  concrete.  The  natural  inference  is 
to  suppose  that  a rough,  irregular  surface  will  secure  greater  adhe- 
sion than  one  that  is  smooth.  However  that  may  be,  there  is  little 
reason  to  doubt  that  gravel  will  make  a good  concrete,  but  there  is 
a right  and  a wrong  way  of  using  gravel.  It  is  not  uncommon  to 
find  cement  and  gravel  just  as  it  is  taken  from  the  pit,  mixed  to 
form  a concrete.  Eemembering  the  proper  composition  of  a con- 
crete, and  placing  beside  this  the  fact  that  gravel  usually  contains 
sand,  but  not  in  any  definite  proportions,  and  that  some  pockets  of 
‘^^graveH^  may  be  almost  completely  sand,  while  in  the  layers 
adjoining  there  may  be  little  if  any  sand,  and  that  many  gravel 
beds  contain  much  clay  or  earthy  material,  it  will  be  readily  under- 
stood why  it  is  that,  in  some  cases,  concrete  mixed  in  this  way 
may  be  successful,  yet  it  will  always  be  uncertain  and  hazardous. 
The  only  safe  method  is  to  separate  the  stone  and  sand  composing 
the  gravel  by  screening,  then  to  mix  cement,  sand  and  clean  stone 
uniformly  and  in  their  right  proportions.  > ' 

A cause  of  poor  concrete  is  the  excessive  amount  of  water  used 
when  mixing.  The  tendency  very  often  is  to  bring  concrete  to  the 
same  consistency  as  common  mortar.  Concrete  when  rqady  to  be 
placed  in  the  work  should  have  the  appearance  of  freshly  dug  earth. 
'V\Tiere  an  excessive  amount  of  water  is  used,  the  hardened  concrete 
will  have  an  open,  spongy  texture. 

The  concrete  should  be  mixed  at  a point  convenient  to  the 
work  in  a box  which  is  sometimes  specified  as  water-tight,  but  the 
concrete  will  quickly  make  it  so.  It  should  be  mixed  in  just  such 
quantity  as  is  required,  and  a constant  stream  kept  passing  to  the 
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work.  It  should  be  laid  in  layers,  each  layer  thoronghly  rammed 
until  moisture  appears  on  the  surface. 

It  is  very  necessary  to  see  .that  the  sand  and  stone  used  in  mak- 
ing concrete  are  clean,  'that  it  is  free  from  clay,  loam,  vegetable 
or  other  matter  which  will  act  as  an  adulterant,  and  result  in  a 
weak  and  friable  concrete.  If  such  matter  is  intermixed  with  the 
stone  it  is  well  to  flush  it  away  with  a good  stream  of  water.  Large 
stone  used  in  rubble  concrete  should  he  also  treated  in  this  way. 
It  is  well,  particularly  in  hot  weather,  to  dampen  the  stone  before 
mixing  it  with  the  mortar.  The  heat  of  the  stone  in  hot  weather 
causes  the  moisture  of  the  mortar  to  evaporate,  causes  it  to  set  too 
quickly,  and  at  all  times  there  is  mere  or  less  absorption  from  the 
mortar  in  immediate  contact  with  the  stone,  unless  the  stone,  as 
intimated,  has  been  dampened. 

When  the  work  ceases  for  the  day,  or  is  for  other  reasons 
interrupted,  the  surface  of  concrete  should  be  kept  damp  until 
work  is  resumed.  When  work  is  in  progress  in  hot  weather,  any 
exposed  surfaces  should  be  kept  damp  and  protected  from  the  rays 
of  the  sun,  otherwise  the  surface  will,  in  setting  too  rapidly,  be 
interlaced  with  hair-like  cracks  which,  filling  with  water  in  winter, 
and  freezing,  will  cause  the  surface  to  scale  off.  The  same  scaling 
sometimes  results  from  laying  concrete  in  frosty  weather. 

Arch  culverts  of  masonry  or  concrete  fail  frequently  from 
settlement  caused  by  an  insecure  foundation.  The  foundation 
should  always  be  of  at  least  sufficient  depth  to  be  free  from  any 
danger  of  undermining  by  the  action  of  the  water,  and  of  suffi- 
cient further  depth  to  be  safe  from  settlement. 
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In  view  of  the  fact  that  ship-bnilding  is  yearly  becoming  of 
greater  importance  in  both  Canada  and  the  United  States,  as  well 
as  in  other  parts  of  the  world,  I venture  these  few  remarks  on  the 
sr^bject. 

If  Canada  wishes  to  compete  with  other  countries  in  ocean  and 
lake  transportation,  it  is  important  that  the  ship-building  industry 
should  be  developed.  Canada  has  certainly  all  the  necessary  resources. 
Perhaps  the  only  difficulty  is  that  labour  is  somewhat  more  expen- 
sive here  than  in  some  parts  of  the  world,  but  it  is  not  more  so  than 
in  the  United  States. 

Nearly  all  the  great  shipyards  of  the  world  are  the  result  of  a 
great  many  years  growth  and  development,  and  were  started  years 
before  the  advent  of  great  labour-saving  machinery,  so  that  when 
such  equipment  was  afterwards  installed  it  could  not  be  used  to  the 
greatest  advantage.  This  objection  does  not  exist,  however,  in  the 
case  of  a new  plant  being  built. 

To  the  best  of  my  knowledge  there  is  but  one  large  ship-building 
plant  in  the  world  where  everything  is  arranged  and  laid  out  in  a 
thoroughly  up-to-date  manner.  I refer  to  the  plant  of  the  New 
York  Ship-building  Co.^^  of  Camden,  N.J.,  where  I had  the  pleasure 
of  working  last  summer  and  which  I will  now  try  to  briefly  describe. 

The  name  of  the  company  was  so  chosen  that  it  should,  in  any 
part  of  the  world,  be  suggestive  of  America,  and  also  because  it  was 
originally  intended  to  locate  the  plant  somewhere  in  New  York 
harbour. 

However,  the  site  was  finally  chosen  at  the  southern  end  of  the 
city  of  Camden,  opposite  Philadelphia.  The  property  has  a front- 
age on  the  Delaware  Elver  of  about  3,600  feet,  and  a width  of  about 
1,800  feet.  The  land  is  very  suitable  for  the  purpose  of  ship-build- 
ing, the  underlying  strata  being  of  white  sand,  gravel  and  clay. 
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The  area  of  the  property  is  about  130  acres,  besides  a two-acre 
lot  on  the  opposite  side  of  the  street  on  which  the  main  office  build- 
ing is  situated. 

The  following  are  the  chief  objects  which  were  kept  in  view 
in  the  designing  and  building  of  the  plant : — 

First — Convenience  in  the  transfer  of  material  from  otie  field 
of  operation  to  another. 

Second — The  arrangement  of  the  ways  so  that  ships  up  to  1,000 
feet  in  length  may  be  built  under  cover. 

Thirdly — An. arrangement  of  shops  that  will  permit  of  an  increase 
of  from  50  to  100  per  cent,  in  capacity. 

Fourth — Such  isolation  of  structures  as  will  reduce  to  a mini- 
mum danger  from  fire. 

FiftU — Facilities  for  the  ready  handling  of  material  received  by 
rail  and  water. 

On  the  side  of  the  property  next  to  Broadway,  is  a strip  of  land 
120  feet  wide  reserved  for  ornamental  purposes,  and  adjoining  this 
is  another  reservation  128  feet  wide  for  highway  and  railway  pur- 
poses. There  is  ample  room  on  this  for  six  parallel  tracks,  each 
3,000  feet  long,  connected  with  both  the  Pennsylvania  and  Eeading 
Eailroads.  The  buildings  themselves  are  almost  entirely  free  from 
tracks,  such  only  being  laid  as  are  necessary  for  unloading  material. 

Track  scales  are  provided  to  accommodate  two  cars  of  the 
largest  size,  and  to  weigh  300,000  pounds.  A coal  trestle  has  been 
built  from  which  coal  is  dumped  into  bins  sufficiently  large  to  hold 
three  months^  supply.  ' 

The  main  building  is  enormous  in  size  and  unlike  that  in  any 
other  plant.  Here  all  metal  working  departments  are  under  one 
roof.  The  floor  space  is  over  18  acres,  and  light  is  admitted  by 
four  acres  of  skylights,  and  two  acres  of  windows. 

There  are  more^  than  forty  travelling  cranes  ranging  in  capacity 
from  seven  to  one  hundred  tons.  All  are  driven  by  direct  current 
motors.  The  one  hundred-ton  crane  is  carried  on  a span  of  120 
feet,  and  its  field  of  operation  covers  the  machine  shop,  ways,  and 
outfitting  slip,  so  that  it  may  be  employed  to  lift  an  engiue  or  boiler 
bodily  from  the  machine  shop,  and  deliver  it  in  a vessel,  either  on 
the  ways  or  afloat.  Each  of  the  smaller  cranes  has  its  own  field 
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of  operation,  and  an  original  type  has  been  installed,  which  by  means 
of  an  extension  arm,  is  able  to  deliver  and  receive  material  without 
re-handling  (this  type  was  installed  by  Pawling  & Harnispfeger, 
Milwaukee). 

A great  many  of  the  cranes  used  for  handling  steel  plates  are 
equipped  with  powerful  electro-magnets  controlled  by  the  engineer 
of  the  crane.  The  latter  brings  his  electro-magnets  over  the  plate, 
turns  on  the  current,  and  the  plate,  now  the  armature  of  the  magnet, 
can  he  lifted  and  carried  to  any  place  in  the  shop.  It  is  instantly 
released  by  turning  off  the  current. 

MACHINE  SHOP. 

The  machine  shop  is  very  large  and  roomy.  There  are  three 
hays  and  one  lean-to.  Along  each  side  of  the  machine  shop  run 
large  galleries  connected  with  the  main  floor  by  iron  staircases.  ' In 
the  east  gallery  are  a miscellaneous  storeroom,  and  an  electric  repair 
shop,  with  lathes,  shapers,  drill  presses,  forges,  etc.  In  the  west 
gallery  is  the  pipe  shop  which  is  thoroughly  equipped  with  pipe- 
cutting and  threading  machines,  lathes,  drills,  and  grinding  machines. 

The  lean-to  contains  the  brass  shop,  a storage,  and  a tool  room, 
a forge  shop,  and  a tool  manufacturing  room,  where  a methodical 
system  is  employed  for  the  supply  of  tools  to  the  workmen,  who  are 
not  required  to  sharpen  their  own  tools,  hut  return  a dull  one,  getting 
a sharpened  one  in  its  place.  Here  also  are  clothes-closets,  wash- 
rooms, etc.,  for  the  workmen,  all  fitted  with  the  best  sanitary  devices. 

The  following  very  heavy  machines  are  all  of  special  design 
and  specially  built  for  the  company:  The  first  is  a sixteen-foot 
vertical  Niles’  boring  mill,  fitted  with  three  arms,  two  for  use  when 
the  work  revolves  and  one  (the  central  one)  for  use  when  the  work 
is  stationary.  The  next  machine  is  a large  Sellers’  drilling,  boring 
and  milling  machine  with  an  eight-inch  spindle.  This  machine  is 
equipped  with  steel  scales  and  verniers  for  placing  the  work  on  the 
table,  and  measuring  it  in  each  direction. 

There  are  two  band  saws  for  cutting  steel,  such  as  for  cutting 
out  eccentric  straps,  etc.  These  were  built  by  the  Noble  & Fund 
Co.,  of  England. 

There  is  a horizontal  milling  machine  from  Bement-Miles  & 
Co.;  two  Newton  milling  machines;  an  open  side  planer,  72  in.  x 72 
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in.  X 28  inches;  a Betts’  planer,  96  in.  x 96  in.  x 36  inches;  two 
donhie-headed  lathes,  one  48  inches  by  60  feet,  and  one  60  inches  by 
60  feet;  two  Mies’  horizontal  boring  and  milling  machines,  and  a 
great  many  other  smaller  machines. 

The  erecting  floor  is  in  the  west  side  of  the  shop  and  is  served 
by  two  cranes,  besides  the  100-ton  crane  previously  mentioned. 

- BOILER  SHOP. 

The  boiler  shop  is  directly  north  of  the  machine  shop,  and 
separated  from  it  by  a low  partition  only.  It  is  also  adjacent  to  the 
plate  storage  department,  from  which  the  plates  are  taken  rolled  by 
the  straightening  rolls,  and  delivered  to  the  boiler  shop. 

The  boiler  shop  is  served  by  four  cranes,  one  60-ton  crane,  one 
10-ton  crane,  end  two  7^-ton  extension  cranes  similar  to  4he  one 
mentioned  before. 

The  hydraulic  rivetter,  built  by  Wm.  Sellers  & Co.,  is  of  special 
design.  It  is  designed  to  operate  with  a pressure  of  either  50,  100, 
cr  150  tons.  There  is  also  a 160-ton  hydraulic  flanging  machine 
equipped  with  dies  for  upsetting  stay  bolts,  flanging  furnace  mouths 
and  making  manhole  covers. 

The  large  boiler  drill  which  was  built  by  the  ^‘'New  York  Ship- 
building Co.”  has  a capacity  for  boilers  from  6 feet  to  20  feet  in 
diameter  and  20  feet  long.  It  has  three  drill  heads  each  contain- 
ing four  spindles,  which  can  be  operated  at  the  same  time,  and  which 
are  adjustable  in  all  directions. 

BLACKSMITH  SHOP. 

The  blacksmith  shop  is  very  free  from  gas  and  smoke,  all  the 
forges  being  furnished  with  exhaust  hoods.  There  are  several  steam 
hammers  as  well  as  a complete  drop  forging  plant,  nut  and  bolt 
machine,  etc. 

FRAME  AND  PLATE  SHOP. 

The  frame  and  plate  shops  are  located  side  by  side  and  adjoining 
the  blacksmith  shop.  In  this  department  are  drills,  countersinks, 
and  like  tools,  moying  over  a field  of  20  feet  or  more  in  diameter. 
Here  is  installed  tlie  first  joggling  machine  in  use  in  America,  and 
all  ships  being  built  are  of  joggled  plating.  This  machine  so  bends 
the  edges  of  the  plates  that  they  shall,  wherever  lapped,  present  a 
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plane  surface  on  the  outside.  There  is  also  a soarphing  machine  to 
plane  off  to  a feather  edge  the  steel  plates,  and  two  Sellers^  plate 
planers  used  for  planing  and  calking  the  edges  of  the  plates.  At  the 
end  of  this  shop  are  the  laying  off  tables,  where  the  plate  is  marked 
according  to  the  template  made  in  the  mould  loft.  Those  plates 
which  are  to  he  bent  are  carried  to  the  plate  furnace,  which  is  6 feet 
6 inches  broad  by  28  feet  long.  At  the  southern  end  of  the  shop 
are  two  rolls,  one  of  which  can  handle  a plate  27  feet  broad,  and  the 
other  is  used  for  rolling  mast  plates. 

THE  MOULD  LOFT. 

The  mould  loft  where  the  templates  are  made  is  located  over 
the  plate  shop.  At  the  south  end  of  the  loft  is  a draugh ting-room 
entirely  distinct  from  the  hull  draughting-room,  where  about  twenty 
draughtsmen  are  employed  to  make  drawings  for  each  shape  and 
plate  that  goes  into  a ship.  From  the  lines  furnished  by  the  hull 
clraughting-room  the  body  plan  of  the  ship  is  laid  down  on  a marble 
table.  The  offsets  from  this  table  are  given  to  the  mould  lofts- 
men  who  make  the  templates  of  the  frames,  etc. 

THE  LAUNCHING  WAYS. 

The  launching  ways  are  at  the  end  of  the  frame  and  plate  shop 
and  directly  opposite  the  machine  shop,  where  the  engines  are 
assembled.  All  departments,  including  the  launching  ways  and  out- 
fitting slip,  are  under  one  roof,  the  clear  height  of  which,  above  the 
water,  is  about  125  feet.  The  depth  of  water  in  the  slip  is  about 
30  feet  at  low  tide.  There  are  seven  parallel  launching  ways,  and 
each  may  be  extended  to  build  a vessel  1,000  feet  long.  Adjoining 
the  slip  are  two  piers,  one  1,000  feet  long,  and  one  1,200  feet  long, 
each  having  30  feet  of  water  on  either  side. 

FIRE  PROTECTION. 

The  system  of  fire  protection  is  very  complete.  All  depart- 
ments such  as  pattern  shop,  joiner  shop,  power  house,  paint  shop, 
and  riggeFs  loft  are  sufficiently  removed  from  each  other  so  that 
a fire  occurring  in  any  one  may  be  confined  to  that  particular  one. 

Water  for  fire  protection  is  furnished  by  three  1,500  gallon 
pumps,  through  mains  ranging  in  diameter  from  16  inches  down, 
and  the  outside  and  inside  of  each  building  is  thoroughly  equipped 
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with  hydrants  and  hose  in  addition  to  a complete  sprinkler  system, 
so  that  fire  risk  is  almost  completely  eliminated. 

POWER  HOUSE. 

The  power  honse  is  a building  about  100  feet  by  200  feet,  situ- 
ated on  the  line  of  railway  reservation.  The  boilers  are  of  2,500 
horse  power  and  are  fitted  with  a Greene  economizer  and  the  usual 
feed  pumps  and  heaters.  The  smoke  stack  is  about  2,00  feet  high 
and  8 or  9 feet  inside  diameter.  It  is  large  enough  for  boilers  of 
double  the  capacity  of  those  now  in  use.  There  are  two  main 
engines  of  750  horse  power  each.  They  are  cross-compound  Corliss, 
having  cylinders  18  inches  and  36  inches  diameter  by  42-inch  stroke, 
and  make  120  revolutions  per  minute.  They  are  direct  connected 
to  two  500  K.  W.  generators  of  the  rotary  converter  type,  supplying 
both  direct  and  alternating  current,  the  latter  being  of  two  phases. 
In  addition  there  is  a 50  Iv.  W.  direct  connected,  direct  current 
generator.  The  exhaust  may  be  led  either  to  the  open  air,  to  a jet 
condenser,  or  into  the  heating  system  of  the  shops.  All  the  large 
machine  tools  are  driven  by  direct  connected  induction  motors.  The 
general  illumination  is  by  about  five  hundred  enclosed  arc  lamps,  while 
the  offices  and  individual  tools  are  lighted  by  incandescent  lamps.  Com- 
pressed air  is  supplied  by  a compressor  of  5,000  cubic  feet  capacity 
per  minute,  at  a pressure  of  120  pounds  per . square  inch. 
Hydraulic  power  is  supplied  by  two  compound  pumps  each  having 
a capacity  of  400  gallons  of  water  per  minute,  at  a pressure  of  1,500 
pounds  per  square  inch. 

The  three  kinds  of  power  are  carried  underground  to  the  main 
buildings,  where  they  are  distributed.  The  great  advantages  of  a 
system  of  power  transmission  without  belts  or  line  shafting  are  so 
obvious  that  it  is  not  necessary  here  to  make  further  comment  on 
the  subject. 

The  drinking  and  general  service  water  is  taken  from  artesian 
wells  on  the  premises.  It  is  pumped  to  all  parts  of  the  plant  and 
has  a uniform  temperature  of  about  56  degrees  F.  The  plant  has 
also  a complete  and  up-to-date  sewage  system. 

OFFICE  BUILDING. 

The  office  building  is  a plain  structure  on  the  east  side  of  Broad- 
way. It  contains  two  large  draughting  rooms,  where  about  one  bun- 
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died  and  sixty  dranghtsmeii  are  employed,  blue  print  rooms,  library, 
fire-proof  vault,  and  all  necessary  offices  and  rooms.  The  basement 
contains  a bicycle  room,  a museum,  three  large  dining  rooms,  with 
accommodation  for  two  hundred  people;  and  toilet  rooms  for  those 
employed  in  the  office.  There  is  a complete  telephone  system  con- 
necting the  office  and  all  departments,  as  well  as  a staff  of  messenger 
boys  who  run  errands  round  the  plant. 

An  ingenious  system,  of  marking  material  has  been  adopted,  by 
means  of  which  the  ultimate  destination  of  any  piece  is  indicated. 
A whole  number  is  employed,  which  is  the  number  of  the  ship  to 
which  the  piece  belongs;  the  first  number  to  the  right  designates 
that  the  part  belongs  to  the  .hull  or  machinery  or  other  part,  etc. 
The  number  1.5421  on  a casting  indicates  the  following: 

(1.)  means  that  it  belongs  to  ship  No.  1. 

.5  means  that  it  belongs  to  the  machinery. 

.04  means  that  it  belongs  to  the  main  engine. 

.002  means  that  it  belongs  to  the  bed  plate. 

.0001  means  that  it  is  No.  1 section  of  that  bed  plate. 

2.5421  would  mean  the  same  part  for  ship  No.  2. 

They  intended  to  employ  about  5,000  men  when  all  depart- 
ments are  full.  My  number  was  4,422,  so  that  gives  a fair  idea  of 
the  number  employed. 

Last  summer  the  company  had  under  contract  about  ten  ships 
\arying  in  size  from  310  to  625  feet  in  length.  The  company  was 
organized  in  the  spring  of  1899,  with  a capital  of  $6,000,000. 

To  sum  up,  the  New  York  Ship-building  Co.  has  now  in  Cam- 
den one  of  the  greatest  of  ship-building  plants.  It  has  contracts  on 
hand  that  give  it  sufficient  work  to  establish  it  on  a firm  basis,  and 
h will  without  doubt,  if  wfisely  managed,  prove  an  engineering  and 
financial  success;  let  us  hope  to  see  in  the  near  future  a similar 
institution  in  this  country. 


THE  YOUNG  GRADUATE  AND  THE  PROFESSION  OF  MINING 

ENGINEERING. 


H.  E.  T.  Haultain,  C.E.,  A.  M.  Can.  Soc.  C.  E. 


Both  in  my  own  experience  and  in  my  observation  of  young 
graduates  from  engineering  schools  in  all  parts  of  the  world,  I have 
found  a general  ignorance  of  the  profession  as  a whole  generally, 
coupled  with  a very  much  distorted  view  of  the  young  graduate’s 
position  in,  and  relation  to,  his  profession.  This  is  probably  to 
a very  large  extent  unavoidable,  hut  it  has  always  seemed 
to  me  a very  important  point,  and  I should  strongly  like 
to  see  a series  of  lectures  on  the  subject  embodied  in  the  general 
curriculum  of  the  school.  Doubtless  very  much  of  such  knowledge 
must  be  personally  and  painfully  learned  by  experience,  hut  a very 
valuable  skeleton  of  information  could  be  built  up  in  the  lecture 
room.  In  the  short  time  at  my  disposal,  I will  attempt  an  outline 
of  the  profession  of  mining  engineering  as  I in  my  limited  experi- 
ence have  found  it,  and  attempt  to  deal  with  some  of  the  more 
prominent  difficulties  that  will  he  encountered  in  the  early  days  of 
the  Young  Engineer’s  career. 

Kipling  says: 

“ When  the  waters  were  dried  an’  the  earth  did  appear, 

The  Lord,  He  created  the  Engineer.” 

And,  from  the  first,  the  mining  engineer  must  have  been  a man  of 
prime  importance  in  his  class.  As  time  went  on,  and  all  .structures 
depended  more  and  more,  either  in  their  fashioning  or  in  their 
material,  upon  the  supply  of  metals,  so  would  the  importance  of  the 
miner  become  greater.  In  France  and  Germany  this  is  recognized, 
and  mining  engineering  ranks  ahead  of  all  other  branches  of  engi- 
neering, hut  in  our  English  speaking  communities  it  is  not  officially 
accorded  the  same  recognition,  and  possibly  the  miner  is  often  con- 
sidered rough  and  unfinished  in  his  methods,  a pioneer  occupied  in 
coping  with  nature  in  the  rough  and  lagging  far  behind  the  polish 
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and  finish  of  the  scientific  engineering  of  the  cities.  It  is  true  he 
is  a pioneer  and  that  he  deals  with  the  forces  of  nature  in  her  crudest 
and  roughest  forms,  hut  he  does  it  with  a wider  range  of  scientific 
knowledge  than  that  possessed  by  any  of  his  engineering  brothers. 
He  needs  and  he  makes  use  of  the  specialized  knowledge  of  all  other 
branches  of  engineering  in  additionj  to  such  that  is  peculia.rly  his  own. 

The  profession  of  mining  engineering  embodies  very  much  more 
than  any  one  man’s  mind  could  possibly  encompass,  and  there  is  a 
limitless  number  of  subdivisions  or  combinations  of  subdivisions  for 
the  specialist  in  which  to  bury  himself. 

In  general,  mining  engineers  are  divided  into  two  main  classes, 
viz..  Mining  Engineers  and  Metallurgical  Engineers.  Under  this 
classification  in  its  closest  sense,  the  mining  engineer  has  to  do  with 
the  getting  of  ore  to  the  point  where  it  lies  in  a broken  state  at  the 
surface,  and  the  metallurgical  engineer  carries  on  the  work  from 
this  point,  until  the  metals  are  finally  extracted  from  the  ore.  But 
as  a general  rule  the  metallurgical  engineer’s  work  is  confined  to 
smelting  operations,  while  the  processes  of  mechanical  concentration 
of  ores,  and  even  the  leaching  and  lixiviation  processes,  are  in  the 
hands  of  the  mining  engineer  in  charge  of  the  other  mining  work. 
The  reason  of  this  is  to  be  found  in  the  fact  that  as  a rule  the 
mechanical  concentration  and  the  lixiviation  of  ores  is  carried  on 
at  the  mine  under  the  one  management;  while  smelting  is  generally 
done  at  some  central  point  at  a distance  from  the  mining  operations. 
The  department  of  smelting  I must  leave  out  of  consideration,  and 
trust  some  other  graduate  will  take  up  this  very  important  branch. 

Of  mining  engineers  proper,  there  is^  a rough  classification  that 
will  divide  them  into  two  classes:  the  engineers  connected  with  the 
large  permanent  mining  centres,  usually  coal  and  iron;  and  those 
connected  with  the  general  mining  industry  scattered  all  over  the 
world.  It  is  with  the  work  of  the  latter  class  that  my  experience 
has  been,  and  it  is  with  them  that  I will  deal.  This  class  of  mining 
engineers  is  again  subdivided  into  two  main  classes — the  consulting 
engineer  and  the  managing  engineer,  and  the  thoroughly  competent 
consulting  engineer  will  have  passed  through  the  stage  of  managing 
engineer.  The  work  of  the  consulting  engineer  can  be  divided  into 
two  main  divisions  — reporting  on  the  value  of  properties  and 
reporting  on  the  management  of  properties.  The  term  managing 
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engineer  would  embody  in  its  general  sense  all  the  engineers  resi- 
dent about  a mine,  and  would  include  assayers,  chemists,  surveyors, 
mechanical  engineers,  electricians  and  those  engineers  skilled  in 
concentration  and  lixiviation  process^. 

The  prominent  consulting  engineer  would  have  his  headquarters 
at  some  commercial  centre — London  being  the  particular  home  of 
this  class — and  he  might  or  might  not  have  assistants  or  partners  in 
parts  of  the  world  nearer  to  the  mining  centres.  A large  part  of  his 
work — perhaps  his  sole  work — would  be  the  examining  of,  and 
reporting  on,  the  value  of  mining  properties  in  various  parts  of  the 
world.  This  is  of  course  most  important  work  and  is  correspond- 
ingly paid  for.  In  this  work  experience  and  judgment,  built  upon  a 
foundation  of  wide  scientific  knowledge,  coupled  with  a well  balanced 
commercial  sense  and  the  necessarily  ever  present  disinterested  in- 
tegrity, are  the  main  requirements.  It  is  a position  of  the  utmost 
commercial  responsibility,  a single  report  often  controlling  the 
iEvestment  of  millions.  The  keynote  of  success  is  of  course  Reputa- 
tion, and  before  a man  could  expect  to  succeed  at  this  work,  he  must 
have  built  up  a reputation,  and  have  made  friends.  The  fees  lor 
this  kind  of  work  are  high.  Among  prominent  London  engineers 
the  fee  for  a report  of  any  consequence  would  not  often  be  under 
$5,000. 

Consulting  engineers  located  in  either  commercial  or  mining 
centres  also  undertake  the  reporting  on  the  management  of  mines. 
They  may  visit  the  mine  at  intervals,  or  they  may  simply  base  their 
reports  and  advice  on  the  information,  accounts,  etc.,  supplied  to 
the  company  by  the  mine  manager;  and  their  advice  might  extend 
to  the  supplying  of  detailed  plans  for  development  or  for  machinery. 
Consulting  engineers  in  this  capacity  are  frequently  engaged  by 
London  companies  owning  mines  abroad. 

The  position  of  a consulting  engineer  with  a reputation,  able 
practically  to  choose  his  own  work,  travelling  in  many  parts  of  the 
world,  returning  always  to  his  headquarters,  and  receiving  most  sub- 
stantial fees,  is  a most  enviable  one,  and  is  one  looked  forward  to 
as  a natural  consequence  of  years  of  successful  work  in  the  field. 

But  it  is  to  the  position  of  a managing  engineer  and  the  steps 
subordinate  to  that  position  that  I would  more  particularly  draw 
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your  attention.  Perhaps  I conld  not  do  better  than  outline  the 
duties  and  responsibilities  in  an  actual  case. 

Take  the  case  of  a manager  of  an  English  Company  owning 
mining  territory  in  Africa.  They  have  one  mine  partially  developed 
and  several  prospects  giving  more  or  less  promise  of  good  values. 
The  Company  is  managed  in  London  by  a board  of  directors — non- 
technical men  — with  a chairman  at  their  head.  This  Board  will 
meet  once  a month,  or  once  a fortnight,  and  will  outline  the  general 
policy  of  the  Company.  The  details  as  far  as  the  London  end  is 
concerned  are  in  the  hands  of  the  chairman,  who  relegates  them 
largely  to  the  secretary,  who  corresponds  with  the  manager  in  Africa. 
The  manager  will  have  a wholesale  power  of  attorney  to  do  any- 
thing and  everything  in  Africa,  and  will  be  answerable  for  all  his 
actions  directly  to  the  Board.  He  will  have  an  agreement  or  engage- 
ment as  manager,  terminable  as  a rule  by  six  months  notice  on  either 
side.  He  must  of  necessity  have  had  the  full  confidence  of  the 
Board  before  he  was  appointed,  and  must  retain  this  to  the  full  or 
his  position  will  become  untenable.  The  Board  will  be  completely  at 
the  mercy  of  the  manager — their  only  information  being  what  he 
chooses  to  give  them  in  his  letters  and  reports,  together  with  that 
obtained  through  an  annual  visit  of  a director  or  a consulting  engi- 
neer. The  manager  in  turn  will  be  very  much  at  the  mercy  of  the 
misunderstandings  and  disappointments  of  the  Board,  and  nothing 
but  full  confidence  can  keep  things  running.  The  keeping  of  the 
Board  well  and  judicially  supplied  with  information  is  perhaps  one 
of  the  most  important  functions  of  the  manager. 

Coming  nearer  to  his  work,  we  find  him  in  charge  of  an  isolated 
community  twenty  miles  or  more  from  a settlement — 100  miles  from 
a railway — with  slow-going  ox-wagons  as  the  only  means  of  freight 
transport.  ] . 

First  and  foremost  he  must  examine  his  ore  deposits  and  then 
with  all  the  knowledge  that  he  possesses  of  geology  and  mineralogy, 
he  must  form  some  opinion  of  their  probable  value  and  outline  a 
method  of  development.  With  his  already  partially  developed  ore 
deposit,  all  his  past  experience  of  the  costs  of  mining  and  ore  treat- 
ment, together  with  all  the  information  he  can  obtain  in  a raw 
country  concerning  labour,  power,  fuel,  transportation  and  markets, 
Avill  leave  him  in  no  high  degree  of  certainty  as  to  probable -profits. 
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He  has  to  study  the  resources  of  the  country,  and  to  design  his 
plant  accordingly.  He  is  alone,  single  handed,  and  up  against 
the  real  thing.  And  he  has  to  organize  in  a hare  wilderness  a large 
and  complex  business.  While  keeping  his  mind  keenly  on  the  deep 
scientific  problems  of  his  various  and  varying  ore  deposits,  on  tha 
problems  of  haulage,  timbering  and  ore  treatment,  he  has  to  'arrange 
for  the  establishing  of  his  camp,  the  housing  of  his  men  and  ani- 
mals, the  purchase  of  innumerable  supplies,  and  transportation  over 
difficult  co.untry.  He  has  to  procure,  and  very  often  to  a large  extent 
must  be  prepared  to  train,  a most  varied  gang  of  workmen,  skilled  and 
unskilled,  in  all  branches  of  labour.  He  has  to  control  a most  mixed 
loti  of  the  roughest  class  of  men,  both  white  and  black ; at  all  times 
he  must  preserve  his  personal  influence  and  tone.  He  is  the  single- 
handed  autocrat  of  an  isolated  community,  with  nothing  to  main- 
tain his  authority  but  his  own  personality.  He  is  spending  large 
sums  of  money,  and  spending  it  in  innumerable  ways  that  are  diffi- 
cult to  trace  and  check.  On  all  sides  are  men  trying  to  get  the  best 
of  him  in  every  proposition,  and  he  must  have  the  business  side — 
the  commercial  side — of  his  work  organized  to  a degree  unthought 
of  in  many  establishments  nearer  the  centres  of  civilization. 

While  organizing  and  personally  controlling  these  varied  com- 
plexities, he  must  ever  keep  a clear  mind  for  the  constant,  careful 
and  well  balanced  study  of  the  intricate  scientific  problems  of  his 
work. 

Let  us  consider  some  of  these  engineering  problems; 

In  the  first  place  his  ore  bodies  differ  in  many  respects  from 
any  he  has  had  any  previous  knowledge  of — no  two  ore  bodies  are 
the  same.  Hothing  but  experience — wide  and  varied  experience — 
founded  on  a scientific  training,  is  going  to  save  him  in  the  solution 
of  the  problems  involved  in  the  exploration  of  his  ore  bodies. 

He  has  one  ore  body  so  far  opened  up  that  sufficient  values  are 
in  sight  to  justify  the  installation  of  machinery  on  a large  scale  for 
the  breaking,  mining  and  treating  of  his  ore.  Upon  all  the  intricate 
details  I cannot  touch,  but  let  us  look  at  some  of  the  main  problems 
involved. 

The  first  problem  of  mining  his  ore  and  protecting  his  under- 
ground workings  is  one  depending  almost  entirely  upon  judgment 
and  foresight  based  on  experience,  and  is  one  that  no  amount  of 
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training  or  reading  can  solve  for  him.  In  any  case  he  must  work 
tentatively — must  feel  his  way.  That  probably  is  the  keynote  of  ail 
underground  work — certainly  of  all  the  early  stages.  It  is  impos- 
sible to  see  far  ahead,  and  one  must  feel  his  way  foot  by  foot,  plan- 
ning to-morrow^s  work  by  to-day’s  results. 

But  the  planning  of  the  ultimate  development  which  must  soon 
be  taken  in  hand  is  a large  problem  involving  work  spread  over  many 
years,  and  the  general  skeleton  of  the  plan  must  be  laid  out  and 
undertaken  at  once.  Upon  the  position  of  his  main  working  shaft 
or  tunnel  the  position  of  his  surface  works  will  to  a large  extent 
depend.  Into  this  problem  must  enter  the  problems  of  pumping, 
ventilation,  and  haulage,  and  much  calculation  and  well  balanced 
judgment  are  required  for  a satisfactory  solution.  The  problem 
involves  not  only  a very  large  sum  in  itself,  but  it  will  always  very 
seriously  affect  the  working  costs. 

Inseparable  from  this  problem  is  the  question  of  power.  The 
case  I have  in  view  has  practically  unlimited  water  power  five  miles 
away,  so  that  the  question  of  power  does  not  affect  the  hoisting 
question;  and  it  is  found  that  for  the  first  few  years  the  most  satis- 
factory course  is  the  running  of  a low  level  tunnel  which  will  give 
several  years  ore  supplies  above  it,  and  which  will  always  be  the 
main  working  tunnel. 

The  next  problem  is  the  treatment  of  the  ore,  and  though  the 
manager  ought  to  be  capable  of  dealing  with  this  problem  himself, 
he  may  call  in  the  assistance  of  a consulting  specialist. 

And  here  comes  in  a very  nice  point: 

It  is  of  course  out  of  the  question  that  our  mine  manager  should 
know  everything,  or  that  he  should  know  as  much  of  detail  as  a 
specialist  in  any  branch,  and  very  naturally  the  average  business 
man  will  say:  Here  is  an  isolated  problem,  let  it  be  solved  by  the 
specialist. 

In  the  large  mining  centres  are  to  be  found  consulting  engineers, 
who  are  disinterested  specialists  in  milling  and  lixiviation  processes, 
and  who  make  a business  of  such  problems.  They  often  are  called 
upon  to  supply  complete  plans. 

In  the  first  place,  there  is  one  statement  that  will  hold  under 
all  circumstances : — There  is  no  isolated  problem  connected  with  any 
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mine.  The  mine  and  everything  connected  with  it  is  one  vast  com- 
plex machine,  with  all  its  parts  and  details  interdependent,  and 
smooth  running — successful  running — depends  on  the  balance  be- 
tween all  its  parts,  and  upon  their  perfect  inter-working..  This  can 
only  he  achieved  in  one  mind.  There  must  he  only  one  controlling 
hand,  and  though  it  is  not  necessary  for  the  manager  to  design  all 
the  details,  he  must  fully  grasp  the  essentials  of  every  department. 
He  must  be  responsible  for  everything. 

If  outside  consulting  advice  is  called  in,  it  must  he  in  consulta- 
tion with  the  manager,  and  if  the  manager  is  incapable  of  dealing 
with  the  subject,  a most  dangerous  element  of  failure  is  at  once 
introduced.  This  is  a most  essential  element  of  mine  management 
and  I will  refer  to  it  later  on. 

If  a thorough  professional  consulting  engineer  with  a reputation 
is  called  in  to  settle  the  problem  of  ore  treatment,  he  may  he  pre- 
pared to  deal  with  it  in  its  entirety,  in  which  case  he  would  go 
carefully  into  all  the  conditions  surrounding  the  problem  from  the 
ore  deposit  to  the  market,  and  would  do  this  in  close  consultation 
with  the  manager,  'vyhom  also  he  would  carefully  consider  as  an 
important  condition.  Then  after  designing  the  plant  he  would  to  a 
certain  extent  supervise  construction,  and  on  its  completion  would 
personally  attend  to  the  early  stages  of  its  operation.  For  an  ore 
treatment  plant  is  not  like  a small  steam  engine  which  vdll  run 
when  supplied  with  steam.  Even  after  most  careful  and  capable 
designing,  there  will  have  to  he  much  adjusting  of  its  method  of 
operations  before  the  best  results  are  obtainable,  and  this  adjusting 
must  be  done  by  a capable  and  responsible  head. 

If  the  specialises  connection  ceases  on  the  delivery  of  the  plans, 
the  managers  responsibility  will  only  then  commence,  and  if  there 
be  any  failure  in  results  the  manager  will  blame  the  design  and  the 
designer  will  blamle  the  method  of  operation,  and  the  company  will 
be  in  the  position  of  the  man  trying  to  sit  on  two  chairs.  This  is 
one  of  the  commonest  causes  of  failure  and  trouble  in  mining,  and 
every  mining  man  can  point  to  many  incidents  of  this  kind. 

In  the  case  I have  described,  the  specialises  fee  would  be  enorm- 
ous— probably  much  larger  than  the  manager’s  annual  salary. 

Most  frequently  it  would  not  be  possible  to  obtain  the  ser- 
vices of  a distinguished  specialist,  and  recourse  is  often  had  to  the 
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manufacturers  of  mining  machinery.  They  call  themselves  special- 
ists in  such  matters  and  very  often  are  so,  and  have  much  experience 
and  data  at  their  command,  hut  we  then  have  the  anomalous  posi- 
tion of  the  consulting  engilieer  and  the  contractor  being  one  and  the 
same  person.  It  is  surprising  how  frequently  this  is  the  case,  and 
it  is  not  surprising  that  this  is  most  frequently  a cause  of  disaster. 

The  manufacturer  can  never  he  a disinterested  party.  Condi- 
tions do  not  permit  him  to  make  a thorough  examination  of  all  the 
conditions.  He  will  tell  you  what  machinery  to  put  in;  it  will  he 
his  own  and  there  will  he  as  much  as  possible  of  it;  it  will  he  good 
machinery,  and  he  will  guarantee  the  smooth  running  of  individual 
machines,  hut  he  will  not  guarantee  the  results.  And  he  will  have 
many  excuses  to  show  that  the  blame  of  failure  is  not  attachable  to 
him.  He  will  tell  you  that  the  ore  treated  in  the  mill  differs  from  the 
sample  sent  him;  that  the  construction  was  poor  and  the  operation 
is  worse.  You  cannot  pin  down  the  manufacturer  to  results — he  is 
too  old  a bird  at  the  game. 

What  then  is  the  manager  to  do? 

He  ought  to  be  capable  of  designing  his  o.wn  plant.  If  he  feels 
doubts  about  it,  let  him  engage  a man  who  has  knowledege  of  such 
matters,  engage  him  as  an  assistant — as  a head  of  a department — and 
let  this  man  experiment  on  a laboratory  scale  in  co-operation  with 
the  manager. 

After  the  manager,  with  or  without  outside  aid,  has  decided  that 
his  ore  is  a free  milling  ore  requiring  a subsequent  treatment  of 
tailings  by  cyanide,  and  has  decided  on  the  general  main  idea  of  his 
plant,  he  can  safely  go  to  the  manufacturer  for  his  machinery, 
trusting  largely  to  him  for  all  details — for  the  details  are  the  work 
of  a mechanical  engineer,  and  in  this  department  the  manufacturer 
is  the  highest  specialist. 

The  first  plant  will  doubtless  he  a small  one,  designed  with  a 
view  to  further  increase,  and  also  with  a view  of  permitting  consider- 
able experimenting. 

What  I have  said  in  regard  to  the  ore  treatment  plant  also  holds 
good  with  the  tramway  from  the  mine  to  the  mill,  and  with  the  water 
power  plant,  and  with  the  electric  transmission  plant,  with  of  course 
some  modifications. 
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Aerial  tramways  come  nearer  to  being  isolated  problems  than  does 
any  other  part  of  the  plant,  and  they  are  very  frequently  given  over 
to  contractors,  who  guarantee  to  erect  the  tramway  and  run  it  for  a 
short  time.  To  a certain  extent  the  tramway  can  be  looked  upon 
as  an  isolated  machine  of  the  nature  of  a steam  engine.  But  again 
to  make  the  contractor  and  the  consulting  engineer  the  sanae  person, 
even  in  so  simple  a matter  as  a tramway,  tends  to  an  unnecessary 
waste  of  money  and  consists  in  paying  to  a contractor  very  much 
more  than  what  is  already  paid  to  the  manager  or  his  staff  for  the 
same  work. 

In  the  case  of  electric  machinery ; — electricity  is  perhaps  some- 
what removed  from  the  mining  engineer,  but  is  daily  becoming 
less  so,  and  though  the  mining  engineer  would  certainly  never 
attempt  to  design  his  dynamos,  he  certainly  ought  to  know  enough 
to  decide  whether  he  wanted  direct  current  or  alternating  machinery 
and  to  be  able  rationally  to  check  over  the  electrician’s  figures  as  to 
line  loss,  etc.,  etc. 

To  sum  up  this  question  of  machinery,  the  manager  should  be 
thoroughly  conversant  with  all  the  standard  types  of  machinery  of  all 
the  prominent  manufacturers  that  might  possibly  be  of  use  in  mining 
work,  and  this  includes  practically  everything  except  heavy  ordnance 
and  marine  engines,  though  the  knowledge  of  heavy  guns  possessed 
by  the  mining  staff  in  Kimberley  was  of  considerable  value  last  year. 
With  the  detailed  design  of  this  machinery  he  need  not  unduly 
burden  himself  beyond  understanding  the  why  and  the  wherefore  of 
every  part.  The  manufacturer  can  be  depended  on  for  excellence  of 
detail.  Thereon  depends  his  existence. 

The  erection  of  his  plant  is  an  all-important  part  of  the  man- 
ager’s work  or  of  a most  trusted  assistant.  To  let  this  by  contracts 
generally  ends  in  disaster  unless  most  competent  and  keen  watch  Is 
kept  on  the  contractor.  Generally  speaking,  in  all  mining  construc- 
tion it  is  more  satisfactory  and  more  economical  to  watch  over  a 
good  foreman  than  to  check  a contractor.  The  contractor,  like  the 
Indian,  will  be  bad  if  he  can  be.  i 

The  operation  of  the  plant  will  be  the  work  of  the  heads  of 
departments  always  under  the  personal  eye  of  the  manager. 

This  is  a bare  skeleton  of  the  work  of  the  mine.  It  is  filled  in 
with  an  interesting  network  of  details  of  every  kind,  from  the 
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niceties  of  subtle  chemical  investigiation  to  the  handling  of  a drunken 
mob,  and  through  it  all  must  run  side  by  side  the  deepest  scientific 
thought  and  the  most  cold-blooded  business  methods,  tempered 
always  by  the  truest,  disinterested  professional  tone. 

The  manager  will  have  to  assist  him  in  his  work,  besides  his  own 
personal  assistant,  several  heads  of  departments — a commercial  sup- 
erintendent in  charge  of  the  buying  and  of  the  books  and  the  com- 
mercial side  of  the  business  generally;  a surveyor,  an  assayer,  super- 
intendents or  head  foremen  of  mine,  mill  and  cyanide  plant,  a master 
mechanic,  and  foremen  of  the  various  sub-departments,  and  with 
these  the  successful  manager  will  keep  in  very  close,  intimate  touch. 

There  is  another  phase  of  the  manager's  work  that  I have  not 
yet  touched  upon — a department  in  which  he  remains  alone. 

The  mine  is  the  property  of  a company,  and  the  public  pay  very 
much  more  attention  to  the  shares  than  they  do  to  the  mine,  and  the 
majority  of  shareholders  expect  to  make  very  much  more  out  of  the 
fluctuation  in  the  price  of  shares  than  they  do  out  of  the  mine.  There 
IS  a constant  and  active  buying  and  selling  of  shares.  Now  the  man- 
ager's regular  reports  to  his  Board  can  very  materially  affect  the  price 
of  shares  and  his  plans  of  operations  do  also  very  materially  affect 
the  price  of  shares;  discoveries  will  be  made  in  the  mine  that  will 
make  enormous  differences  in  the  value  of  the  stock.  In  very  many 
ways  the  manager  has  a very  large  control  over  the  price  of  the 
stock,  and  if  there  be  any  deviation  on  his  part  from  strict  honesty, 
from  the  true  professional  spirit  of  disinterestedness,  he  may  be  in 
a position  to  make  much  money  for  himself  or  his  friends.  Here  is 
a wide  open  temptation — a temptation  so  coarse  and  glaring — so 
palpable — that  it  will  in  general  be  easily  avoided,  but  it  has  also  its 
more  subtle  aspects,  and  the  only  protection  a man  has  lies  in  the 
inherent  honesty,  the  professional  spirit  and  tone  of  the  true 
engineer. 

This  is  an  outline  of  the  position  of  a manager  of  by  no  means 
large  property,  and  may  be  taken  as  a fair  general  example. 

As  an  example  of  the  extent  to  which  the  business  of  mine  man- 
agement may  grow,  I would  cite  the  case  of  The  Consolidated  Gold 
Fields  of  South  Africa.  In  1897,  in  their  engineering  offices  in 
Johannesburg,  they  had  fifteen  draughtsmen  in  the  surveying  de- 
partment, and  seventeen  more  in  the  general  department.  Their 
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chief  engineer  drew  a salary  of  $60,000  a year,  their  chief  mechani- 
cal engineer  drew  $25,000,  and  so  on.  Of  course  this  office  did  all 
the  engineering  work  for  a large  group  of  mines. 

But  it  is  the  smaller  propositions  that  tax  the  resources  of  the 
mining  / engineer  most  severely,  for  in  these  cases  he  must  himself 
control  every  department  and  must  carry  out  works  that  in  larger 
concerns  would  he  in  the  hands  of  heads  of  departments  in  them- 
selves specialists  capable  of  carrying  responsibility. 

In  an  examination  of  the  duties  of  the  mine  manager,  as  I have 
outlined,  what  do  we  find  as  the  more  prominent  points  ? I think  we 
shall  find  that  the  most  important  point  of  all  is  confidence — mutual 
confidence  between  the  directors  and  the  manager.  To  obtain  this 
the  manager  must  be  a man  of  experience — a man  with  a record — 
a man  who  has  made  friends.  The  next  point  of  importance  is  the 
fact  that  the  whole  concern,  first,  last  and  all  the  time,  is  a business 
proposition  undertaken  with  the  sole  and  only  purpose  of  making 
money,  and  as  far  as  our  engineer  is  concerned,  making  money 
legitimately,  though — and  this  is  a point  ever  to  be  remembered  by 
the  young  graduate — there  are  always  those  seeking  to  make  money 
illegitimately.  The  whole  concern  in  every  department  must  be 
organized  on  a commercial  basis.  The  third  point  of  importance 
is  the  essentially  scientific  character  of  all  the  problems  involved  in 
the  finding,  winning  and  treating  of  the  ore.  In  the  young  gradu- 
ate’s technical  course,  his  whole  time  and  energies  being  occupied 
with  this  latter  point,  he  is  apt  to  lose  sight  almost  altogether  of  the 
other  two.  But  these  three  points  are  as  inseparable  as  the  three 
dimensions  of  space,  and  any  proposition  founded  on  two  only  will 
be  a failure. 

Of  course  there  is  an  exception  to  this  rule — the  factor  known 
as  luck  may  once  in  a thousand  times  upset  all  rational  conceptions. 

Besides  these  three  fundamental  points  there  are  others  of 
nearly  equal  importance.  All  mining  work  is  new  work;  every  pro- 
blem is  a new  one,  differing  in  many  respects  from  the  engineer’s 
previous  experiences;  every  problem  i,s  complex,  involving  a large 
number  of  facts  and  conditions  often  very  obscure.  The  engineer 
must  be  a man  of  varied  experience,  not  only  conversant  with  a wide 
range  of  scientific  knowledge,  but  with  a very  wide  range  of  actual 
experience.  He  must  be  essentially  quick  witted  and  he  must  have 


74  YOUNG  GRADUATE — PROFESSION  OF  MINING  ENGINEERING. 

a lively  technical  imagination,  ever  ready  to  imagine  new  combina- 
tions and  possibilities.  But  his  temperament  and  technical  character 
mnst  he  strong  enough  to  allow  this  technical  imagination  full  play, 
without  its  carrying  him  off  his  feet  into  a wilderness  of  conjecture. 

He  must  he  physically  strong — able  to  live  anywhere  and  eat 
anything;  he  must  ever  he  ready  to  pack  his  blankets  and  his  scientific 
knowledge  on  his  own  back. 

He  must  he  a professional  man  in  the  fullest  sense  of  the 
term\.  He  must  have  tone',  I cannot  define  tone,  it  marks  quality,  or 
shall  I say  quality  marks  tone.  And  tone  is  as  unassailable  as 
it  is  hard  to  define.  From  the  first  step  to  the  last  the  mining 
engineer  is  surrounded  by  temptations  of  every  kind;  every  tendency 
within  him  will  have  free  opportunity  to  pull  him  towards  disaster. 
From  the  start  he  is  away  from  the  influence  of  custom  and  social 
ties,  and  he  who  has  never  been  absolutely  free  from  these  influences 
can  have  little  conception  of  the  extent  of  their  controlling  power. 
But  the  temptations  arising  from  avarice  and  ambition  are  the  most 
continually  and  persistently  present.  And  these  temptations  are 
often  of  the  subtlest  kind — most  frequently  not  having  even  the 
appearances  of  temptation,  and  this  is  a phase  of  his  work  in  which 
the  engineer  stands  alone — a game  in  which  he  must  play  a lone 
hand. 

Somebody — Gilbert  Hamerton,  I think — has  said  that  the  most 
important  characteristic  of  a critic  should  be  disinterestedness.  Dis- 
interestedness is  the  foundation  and  skeleton  framework  of  the  whole 
structure  of  the  professional  man.  If  he  is  not  disinterested  he  is 
nothing.  He  is  an  employee  and  his  interests  always  must  be  on 
behalf  of  his  employer.  This  explains  how  the  mine  manager  can 
be  a business  man  and  still  a professional  man.  He  is  carrying  on 
business  for  another  and  he  can  carry  it  on  only  in  the  cleanest  and 
straightest  of  business  methods. 

Another  thing  to  be  observed  in  the  work  of  our  mine  manager 
is  that  he  has  more  to  do  with  human  nature  than  with  any  of  the 
other  forces  of  nature.  He  has  to  deal  with  his  directors  cn  one 
hand,  and  with  his  employees  on  the  other.  He  has  to  deal  continu- 
ally with  the  cleverest  scoundrels  and  rogues  of  all  classes  and  kinds. 
He  las  to  depend  on  his  judgment  of  character  in  black,  red,  yellow 
and  white. 
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Well,  gentlemen,  have  I painted  an  impossible  picture  for  yon? 
I have  outlined  the  main  skeleton  frame  of  a possible  structure — a 
structure  for  which  there  is  an  enormous  demand;  the  completion  of 
the  edifice  depends  upon  the  individual. 

So  much  for  what  there  is  in  front  of  us.  Let  us  now  consider 
our  first  steps. 

The  young  graduate,  despite  his  hard  work  and  scientific  attain- 
ments, is,  as  an  engineer,  well  nigh  as  useless  as  the  new-horn  hahe. 
I know  you  will  not  believe  this — it  is  not  compatible  with  your 
years  and  your  efforts^ — it  is  probably  just  as  well  that  you  donT 
believe  it,  hut  it  is  one  of  the  first  important  things  that  you  must 
learn  in  the  outside  world. 

How  is  this  so  ? Thus : the  young  graduate  has  had  no  experi- 
ence (I  know  there  are  exceptions),  consequently  can  have  no  judg- 
ment, and  therefore  is  absolutely  incapable  of  responsible  initiative. 

Many  people  will  tell  me  I am  entirely  wrong — that  the  young 
graduate  is  full  to  overflowing  with  judgment — that  he  will  judge 
anything  or  anybody,  and  as  for  initiative,  he  has  the  nerve  and  the 
supreme  self-confidence  to  tackle  any  proposition — to  initiate  any- 
thing. Exactly — that  emphasises  what  I mean — he  has  no  judg- 
ment— that  is,  no  judgment  that  can  he  depended  upon. 

In  England  they  put  the  embryo  engineer  in  an  incubator — 
that  is — he  is  articled  as  a pupil  for  one,  two,  or  more  years  to  an 
engineer  of  standing  and  experience,  and  for  this  privilege  he  will 
pay  as  much  as  $1,000  a year,  and  will  receive  no  pay  of  any  kind 
in  return  for  his  work.  With  this  idea  I would  he  wholly  in  accord, 
if  the  conditions  in  the  colonies  permitted  it.  I would  not  advise 
for  a colonial  mining  graduate  an  articled  pupilage  in  England;  hut 
if  a western  mining  engineer  would  take  him,  he  could  not  possibly 
do  better.  But  out  here  the  conditions  are  different,  and  we  have 
to  face  conditions  as  we  find  them. 

In  the  first  place,  many  of  our  technical  graduates  have  not 
the  means  to  pay  any  pupilage  fees,  nor  even  to  give  their  services 
and  time  for  nothing;  they  must  earn  soon  after  graduation.  And 
again  I do  not  think  you  could  persuade  any  mining  engineer  in 
active  work  on  this  continent  to  accept  pupilage  fees  or  to  have  about 
him  a pupil  working  for  nothing. 
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The  young  graduate  must  earn  money,  and  it  is  a function  of 
the  technical  school  to  leave  him  in  a position  to  do  this,  and  there 
are  tvro  or  perhaps  three  or  even  four  branches  of  work  in  which  the 
technical  schools  can  tyirn  out  commercially  useful  men.  I refer 
to  assaying  and  surveying,  and  to  a certain  extent,  draughting. 

The  school  can — if  it  chooses — turn  out  men  who  could  take 
hold  of  the  position  of  assayer  or  of  surveyor  at  any  small  mine,  or 
who  would  make  excellent  assistants  on  a large  property.  These 
positions  require  practically  no  judgment  or  initiative,  and  the  main 
difference  between  the  work  at  the  school 'and  the  work  at  the  mine, 
consists  in  the  rapidity  that  is  required  in  commercial  work,  and 
a certain  ability  to  make  shift  with  the  anything  but  ideal 
conditions  and  appliances  that  one  may  be  up  against.  If  to  a 
smooth  working  knowledge  of  assaying  and  surveying,  the  young 
graduate  has  added  an  active  knowledge  of  book-keeping  and  cost- 
keeping, he  has  three  strings  to  his  bow  that  will  earn  him  a living 
in  any  active  mining  camp. 

It  is  a common  saying  in  the  West  that  if  you  cannot  get  one 
job  you  should  take  two,  by  which  is  meant  that  you  may  often  be 
able  to  get  a job  as  an  assayer  and  book-keeper  combined  where 
you  could  get  nothing  if  you  applied  for  either  singly.  My 
advice  to  any  technical  school  would  be — make  book-keeping 
and  cost-keeping  and  the  commercial  organization  of  engineering 
business,  an  important  part  of  your  curriculum.  My  advice  to  any 
student  of  a school  where  this  is  not  part  of  the  curriculum  is,  to 
take  steps  to  make  a special  study  of  these  subjects  at  the  earliest 
possible  opportunity. 

I . 

The  obtaining  of  a position  as  assayer  or  surveyor,  and,  from 
that  position,  studying  the  actual  working  conditions  of  a mine,  to 
be  ready  for  further  advancement  in  your  profession,  is  the  orthodox 
method. 

The  surveyor  has  the  better  opportunity — he  is  here,  there 
and  everywhere  on  the  property — mixed  with  everybody  and  sees 
everything  that  is  going  on,  and  will  be  more  naturally  given  the 
position  of  acting  manager  or  assistant  manager. 

However,  before  going  any  further,  let  us  consider  more  fully 
the  functions  of  the  first  few  years  after  graduation.  The  first 
function  doubtless  is  the  earning  of  a living,  and  the  orthodox  way 
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of  doing  this  I have  outlined.  But  if  you  stop  at  that,  you  will  never 
be  an  engineer.  The  main  function  is  to  get  experience) — wide, 
varied  experience — of  everything  you  will  need  in  after  years.  An- 
other function  is  to  make  professional  friends,  but  the  main  point 
is  experience. 

In  your  S.  P.  S.  course  you  have  had  a most  excellent  training. 
You  have  been  trained  to  think — to  reason — to  read  and  to  a certain 
extent  to  observe — you  have  been  trained  to  ask  the  question  why 
and  to  make  an  effort  to  rationally  answer  that  question.  You  have 
learnt  much  about  the  physical  laws  underlying  all  engineering 
problems.  The  excavations  have  been  dug  and  a very  substantial 
foundation  has  been  laid  for  a very  elaborate  superstructure;  and 
further  than  this,  the  skeleton  steel  frame  work  has  been  in  part 
erected;  and  even  still  further,  if  the  material  for  further  erection 
has  not  been  gathered,  the  method  of  obtaining  it  has  at  least  been 
indicated.  You  can  live  in  the  cellar  if  you  like,  but  that  will 
never  make  a house  of  it — you  will  never  be  an  engineer.  You 
must  build  on  the  foundation.  You  must  fill  in  the  skeleton  frame 
work — you  must  erect  extensions  to  your  frame  work — this  you 
must  do  alone.  Yobody  else  can  do  it  for  you.  The  elaborating  of 
the  structure  is  by  personal  experience. 

In  my  student  days  Prof.  Galbraith  advised  us  to  devote  the 
first  ten  years  after  graduating  to  the  sole  function  of  gaining  a 
varied  experience.  I think  this  most  excellent  advice. 

Yo  matter  what  position  you  hold  you  will  be  gaining  experi- 
ence, and  to  gain  a varied  expeTience  you  must  not  stay  too  long 
in  one  position.  But  you  must  not  trust  to  hap-hazard  luck  in  the 
positions  you  get.  There  are  several  points  to  be  remembered.  In 
the  first  place  in  your  early  days  you  can  do  things  that  later  on 
in  your  professional  life,  you  could  not  do.  For  instance,  on  gradu- 
ating you  could  work  as  a mucker  or  common  labourer  underground 
‘ — or  you  might  innocently  be  employed  by  some  notoriously  corrupt 
men  or  companies.  In  neither  case  would  your  reputation  suffer 
and  you  would  be  the  gainer  by  some  valuable  knowledge. 

The  most  prominent  feature  of  mining  work  in  all  parts  of  the 
world  (and  in  Canada  and  in  Ontario  have  we  had  most  scandalous 
examples  of  it)  is  the  extreme  corruption,  crookedness  and  dis- 
honesty that  frequently  accompanies  it.  This  exists  to  a degree 
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beyond  all  conception  by  those  who  have  not  actually  seen  it.  If 
you  keep  this  fact  in  view  and  remain  always  ready  to  quit  a job 
when  it  looks  dirty,  you  can  in  your  early  years  take  pretty  nearly 
anything  you  can  get^  but  later  on  you  must  be  more  careful  what 
you  do.  Then  the  main  point  w'ould  be  to  get  near  good  men,  near 
good  companies  and  successful  concerns. 

In  your  early  years  there  are  several  very  unorthodox  things 
that  I would  advise.  In  all  mining  work  the  biggest  item  is  for 
labour,  and  there  is  no  other  item  of  expenditure  in  which  money 
may  be  lost  or  saved  to  the  same  extent.  The  human  machine  is 
not  only  the  most  used,  but  it  is  the  most  complex,  and  to  be  a suc- 
cessful mining  man  you  must  understand  your  workman.  The  best 
place  to  study  your  workingman  is  alongside  of  him.  I strongly 
advise  every  young  mining  graduate  to  work  as  a mucker  or  trammer 
underground  in  some  fairly  large  mine.  To  do  this  properly  you 
must  do  it  thoroughly  and  drop  all  your  engineering  business,  and 
your  diploma  and  all  that,  and  get  into  dirty  overalls  and  get  your 
job  from  the  foreman  and  sleep  in  the  bunk-house  and  keep  away 
from  the  office.  This  I know  is  often  advised,  and  in  Cornwall  and 
Freiberg  there  are  regular  practical  courses  underground  where  the 
students  play  more  or  less  seriously  at  work  and  learn  after  a fashion 
to  swing  a hammer  and  frame  a set.  Candidly  I donT  think  much 
of  that — I do  not  see  that  such  work  is  of  very  much  use,  and 
in  those  practical  courses  you  donT  learn  anything  of  the  men — 
you  donT  get  round  to  their  point  of  view.  This  to  my  mind  is 
the  essential  point,  and  my  advice  is  to  get  a mucker’s  job  and  hold  it 
at  least  over  one  pay  day  and  over  several  if  you  can.  It  will  hurt 
and  it  will  be  hard,  but  it  will  be  worth  it. 

Again,  if  you  have  any  inclination  towards  carpenter’s  work  or 
machine  fitting  or  any  opportunity  to  follow  up  such  work,  I say 
Ijy  all  means  do  so.  I know  of  no  better  qualification  for  a young 
man  seeking  mining  experience  than  a knowledge  of  machine  fitting. 
There  is  no  part  of  a mine  free  from  machinery,  and  the  fitter  is 
wanted  everywhere  and  gets  a job  more  easily  than  any  other  class  of 
skilled  or  semi-skilled  workman;  while  a carpenter  can  often  get  a job 
on  mill  construction  or  the  like  that  will  give  him  an  insight  into  con- 
struction that  he  could  get  in  no  other  way.  These  are  not  short 
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cuts  to  success  or  by-paths — they  are  stepping  stones  and  most  valu- 
able ones  at  that.  I would  strongly  advise  the  mining  student  to 
spend  at  least  one  of  his  summers  in  a machine  shop  or  a carpenter's 
shop.  I would  consider  this  better  than  a summer  spent  in  an  assay 
office^  on  survey,  or  in  a mine. 

The  next  question  is  as  to  where  the  young  graduate  is  to  go  on 
graduation.  Into  the  question  of  a post-graduate  course  I cannot 
go  beyond  saying  that  I am  in  favour  of  a post-graduate  course, 
and  would  still  recommend  Freiberg  despite  all  the  advances  made 
by  technical  schools  on  this  continent. 

After  the  completion  of  his  technical  course  he  should  go  to 
some  active  mining  camp,  and  I certainly  would  choose  the  Western 
States.  I am  enthusiastically  a Canadian,  but  I do  not  advise  the 
young  mining  engineer  to  remain  in  Canada.  He  should  go  to  an 
older  mining  country  for  his  experience,  and  the  United  States — 
the  Western  States — has  trained  and  still  is  training  the  world's 
most  prominent  engineers.  And  when  you  go  west  leave  your 
diploma  behind  you,  also  your  testimonials  and  recommendations. 
(You  will  be  looking  only  for  subordinate  positions,  and  for  these 
positions  men  will  size  you  up  by  looking  at  you  and  will  discharge 
you  as  casually  as  they  engage  you.  Hever  be  afraid  of  quitting  a 
a job.  It  is  no  disgrace — very  often  it  is  not  a bad  thing  to  be 
discharged.  A willingness  to  turn  your  hand  to  anything  and  every- 
thing that  comes  your  way  and  do  it  with  your  best  effort,  are  traits 
that  will  help  you  more  than  others.  It  will  be  several  years  before 
you  get  to  what  your  heart  pines  for^ — that  is.  real  engineering  work 
— but  you  must  not  neglect  it  for  that  reason;  your  eyes  must 
always  be  open  to  everything  about  you,  and  you  must  read  every- 
thing you  can  lay  your  hands  on. — technical  magazines  and  cata- 
logues in  particular. 

You  will  probably  find  the  life  a hard  one,  full  of  painful 
physical  effort — full  of  misunderstandings  and  disappointments. 
Hope  will  be  long  deferred.  Your  scientific  attainments  will  seem 
lost — swallowed  up  by  chance  and  the  force  of  circumstances.  Y'ou 
will  think  you  are  losing  all  your  finer  feelings — your  social  niceties; 
the  latest  operas  and  plays  will  hardly  be  known  by  name  to  you 
and  the  popular  airs  will  be  three  years  old  when  they  reach  you. 
Life  will  be  anything  but  a soft  snap  and  your  only  consolation  will 
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often  be : ^^Well,  it^s  good  experience,  and  anyway,  it’s  all  in  the  day’s 
work!”  You  will  find  that  you  will  have  to  give  up  very  much,  if 
not  all  that  went  to  make  life  pleasant,  and  you  will  get  in  return — 
if  you  are  lucky — work — and  in  many  years — if  you  are  lucky — well 
paid  work. 

But  you  will  see — and  if  your  eyes  are  open,  life  will  be  very 
full — you  will  play  your  own  game  with  a freedom  and  a scope  un- 
known in  any  other  profession.  You  will  have  opportunities  to 
carry  your  tendencies  to  the  full.  You  will  be  with  men  and  you 
will  work  with  men,  and  the  conditions  and  surroundings  will  be  such 
as  to  bring  out,  in  full  prominence,  the  characters  good  and  bad  of 
men.  Veneer  and  polish  will  be  absent,  and  if  you  are  a lover  of 
men  you  will  love  your  life.  If  you  want  an  easy  life  leave  mining 
alone.  If  you  are  not  a tramp  and  want  everything  settled — if  you 
are  contemplating  early  marriage — don’t  go  in  for  mining,  for  you 
will  have  to  live  and  work  where  it  would  not  be  fair  to  take  her. 

Let  me  finish  up  by  giving  you  some  disconnected  bits  of  advice 
on  matters  in  general. 

Treat  every  friend  as  if  some  day  he  might  be  your  enem}^,  and 
treat  your  enemy  as  if  some  day  he  might  be  your  friend. 

In  making  investigations  or  examinations  take  absolutely 
nothing  for  granted. 

Trust  everybody  hut  cut  the  cards. 

Keep  your  face  shut. 

In  everything  remember  first  that  you  are  a professional  man. 

Kipling  says: — l , 

“ There  are  nine  and  sixty  ways  of  constructing  tribal  lays, 

And  every  single  one  of  them  is  right.’’ 

There  are  also  nine  and  sixty  ways  of  skinning  a cat  or  doing 
anything  else,  and  very  often  every  single  one  of  them  is  right;  it 
depends  on  circumstances. 

In  other  words,  different  circumstances  will  demand  different 
methods.  Do  not  be  afraid  of  new  methods. 


Kelson,  B.C.,  February,  1902. 


THE  POSITION  OF  AN  ENGINEER  AS  ARBITRATOR  UNDER 

THE  CONTRACT. 


Angus  MacMurchy. 


The  employer  appoints  the  engineer  under  the  contract,  and 
the  contractor  has  to  accept  him.  He  has  no  choice  or  option  in 
that  matter.  Hot  only  must  the  contractor  execute  the  works  in 
accordance  with  the  directions  of  the  engineer  under  the  contract, 
hut  the  engineer  is  usually  made  the  sole  judge  of  the  quality  and 
sufficiency  of  the  works  when  executed,  and  the  engineer  is  also 
most  frequently  made  the  final  judge  in  any  dispute  arising  under 
the  contract  between  the  employer  and  contractor.  Thus  it  will 
he  seen  that  the  functions  of  the  engineer  as  arbitrator  are  both 
extensive  and  important. 

The  engineer  is  responsible  to  his  employer  under  the  contract ; 
to  the  contractor  he  is  responsible  by  law  only  in  case  of  fraud  or 
misconduct,  In  legal  phraseology  there  is  privity  between  the  em;- 
ployer  and  the  engineer,  but  there  is  no  privity  between  the  con- 
tractor and  the  engineer.  The  consequence  of  this  is  that  the  con- 
tractor has  a cause  of  action  against  the  employer  only,  unless  the 
engineer  has  been  guilty  of  fraud  or  deceit  while  acting  under  the 
contract.  But  the  contractor  in  a proper  case  has  an  action  against 
the  engineer  for  negligence  in  the  discharge  of  his  duties. 

For  many  purposes,  the  acts  of  the  engineer  and  the  owner  or 
company  employing  him  are  identical  or  rather  equivalent.  As 
stated  by  Lord  Cranworth,  his  position  is  not  quasi  judicial. 
Ranger  v.  G.  W.  Ry.  Co.,  (1854)  5 H.  L.  C.  at  p.  89. 

If  an  engineer  acts  bona  fide  according  to  the  contract,  that  is 
quite  enough  to  make  his  acts  valid  and  binding  upon  the  contractor. 
So  long  as  the  engineer  has  no  concealed  interest  in  the  contract  or 
secret  relationship  to  the  parties  that  will  certainly  bias  his  judg- 
ment, his  acts  will  receive  due  weight,  in  fact  he  may  almost  be 
called  the  judge  in  his  own  case. 

S.P.S. 
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The  contractor,  however,  is  not  always  honnd  by  the  decision 
of  the  engineer,  as,  for  instance,  in  a case  decided  in  1818,  Kemp  v. 
Eose,  1 Giff.  258,  the  hnilder  was  honnd  by  the  contract  to  accept 
the  decision  and  certificate  of  the  architect  as  to  the  amount  to 
be  paid  for  his  work,  bnt  the  builder  did  not  know  that  the  archi- 
tect had  promised  the  employer  that  the  work  would  not  cost  more 
than  a certain  sum — in  that  case  the  Court  did  not  consider  the 
decision  of  the  architect  made  under  such  a bias  binding. 

The  last  reported  case  on  this  subject  comes  from  Chatham  and 
is  just  to  hand.  There  the  superintendent  under  the  contract  was 
the  uncle  and  drowned  in  debt  ” to  the  owner.  This  was  un- 
known to  the  contractor,  who  brought  an  action  to  recover  the 
balance  claimed  by  him  without  procuring  the  superintendents 
certificate.  It  was  held  by  the  Court  of  Appeal,  Chief  Justice 
Armour’s  vigorous  intellect  brushing  aside,  as  usual,  formal  and  tech- 
nical legal  defences,  that  the  relationships.  family  and  financial,’^ 
of  the  superintendent  to  the  defendant  owner,  for  whom  the  house 
was  built,  should  have  been  disclosed  to  the  plaintiff  contractor,  and 
that  under  the  circumstances  the  plaintiff  was  not  bound  to  obtain 
the  certificate  required  by  the  contract  from  the  superintendent 
at  all. 

Ludlam  v.  Wilson,  (1901)  2 0.  L.  E.  549. 

This  whole  subject  of  the  circumstances  under  which  a con- 
tractor is  dispensed  from  the  necessity  of  procuring  the  final  certifi- 
cate called  for  by  the  contract  was  much  discussed  in  a nptable  case 
in  our  own  Courts  some  ten  years  ago,  that  of  Conmee  v.  C.  P.  E., 
which  lasted  for  seven  years  in  the  Courts  with  varying  fortune  to 
either  party,  judgment  being  given  at  the  trial  without  a final  cer- 
tificate in  favour  of  the  contractors  for  upwards  of  a quarter  million 
dollars,  which  was  compromised  for  a much  smaller  amount  after 
appeals  to  the  Court  of  Appeal  and  Supreme  Court. 

Before  proceeding  to  discuss  some  of  the  more  recently  decided 
cases  to  further  illustrate  these  remarks,  let  me  read  a portion  of 
one  of  the  clauses  (from  the  present  form  of  contract  used  by  the 
City  of  Toronto)  constituting  the  engineer  the  sole  judge; — 

Z 20.  Should  any  discrepancies  appear,  or  differences  of 
opinion  or  misunderstanding  arise,  as  to  the  meaning  of  the  Con- 
tract  or  of  the  General  Conditions,  Specifications  or  Plans,  or  as 
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^ to  any  omissions  therefrom,  or  misstatements  therein,  in  any 
respect,  or  as  to  the  qnality  or  dimensions,  or  snfficiency  of  tne 
materials,  plant  or  work,  or  any  part  thereof,  or  as  to  the  clue 
and  proper  execution  of  the  works,  or  as  to  the  measurement 
or  quantity  or  valuation  of  any  works  executed,  or  to  be  executed 
“ under  the  contract,  or  as  to  extras  thereupon,  or . deductions 
“ therefrom,  or  as  to  any  other  C|Uestions  or  matters  arising  out  of  the 
contract,  the  same  shall  he  determined  by  the  Engineer  . . . 

and  his  decision  shall  he  final  and  binding  upon  all  parties  con- 
cerned,  and  from'  it  there  shall  be  no  appeal/^ 

The  result  of  many  decided  cases  is  the  introduction  into  such 
contracts  of  many  safeguards  and  restrictions  drawn  from  wisdom 
learned  by  experience.  Now,  let  us  glance  at  a few  of  the  judg- 
ments in  which  such  similar  provisions  have  been  discussed  by 
eminent  Judges  in  England  and  Canada. 

JACKSON  V.  BARRY  RAILWAY  COMPANY  (1892),  1 Ch.  Div.  p.  258. 
Arbitration — Unfitness  of  Arbitrator — Injunction — Jurisdiction. 

A contract  by  which  the  plaintiff  undertook  to  construct  a 
dock  for  the  defendant  company,  provided  that  any  dispute  between 
the  company  and  the*contractor  as  to  the  meaning  of  any  part  of 
the  contract,  or  as  to  the  quality  or  description  of  the  materials 
to  be  used  in  the  works,  should  be  referred  to  the  company’s  engi- 
neer as  arbitrator.  The  dispute  arose  whether  the  contract  required 
the  interior  of  a certain  embankment  to  be  made  of  stone,  or 
whether  rocky  marl  was  allowable,  so  that,  if  the  contractor  by  the 
direction  of  the  engineer  used  stone,  he  would  be  entitled  to  be  paid 
for  it  as  an  extra.  A correspondence  took  place  between  the  con- 
tractor and  the  engineer,  in  which  the  engineer  stated  his  view  to 
be  that  the  contract  bound  the  contractor  to  use  stone,  and  that 
it  was  not  an  extra.  The  company  then  referred  the  dispute  to  the 
arbitration  of  the  engineer.  After  this  reference,  and  on  the  dav 
for  which  the  first  appointment  had  been  made,  the  engineer  wrote 
to  the  contractor  a letter  in  which  he  repeated  his  former  view. 
The  plaintiff  brought  this  action  to  restrain  the  company  from 
proceeding  further  with  the  arbitration. 

Kekewich,  J.,  held  that  the  last  letter  showed  that  the  engineer 
had  finally  made  up  his  mind  on  the  point,  and  was,  therefore, 
disqualified  to  act  as  arbitrator,  and  granted  an  injunction. 
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Held,  on  appeal,  that,  considering  the  position  of  the  engineer 
who,  as  engineer  of  the  company,  must  necessarily  have  already 
expressed  an  opinion  on  the  point  in  dispute,  his  writing  after  the 
commencement  of  the  arbitration  a letter  repeating  the  same  opinion 
would  not  disqualify  him  from  acting  as  arbitrator,  unless,  on  the 
fair  consideration  of  the  letter,  it  appeared  that  he  had  made  up 
his  mind  so  as  not  to  be  open  to  change  it  upon  argument: 

Held  by  Lindley  and  Bowen,  L.JJ.  (Dissentiente  A.  L.  Smith, 
L.J.),  that  the  letter  in  question  did  not,  upon  its  fair  construction, 
show  that  the  engineer  had  precluded  himself  from  keeping  his 
mind  open,  and  that  the  injunction  ought  to  be  dissolved;  and 
whether  there  was  jurisdiction  to  grant  it,  quaere. 

Bowen,  L.J. : It  was  an  essential  feature  between  the  plain- 
tiff and  tlie  railway  company  that  a dispute  such  as  that  which  has 
arisen  between  the  plaintiff  and  the  company’s  engineer  should  be 
finally  decided  not  by  a stranger  or  a wholly  unbiassed  person,  but 
by  the  company’s  engineer  himself.  Technically  the  controversy  is 
one  between  the  plaintiff  and  the  railway  company;  but  virtually 
the  engineer,  on  such  an  occasion,  must  be  the  judge,  so  to  speak, 
in  his  own  quarrel.  Employers  find  it  necessary  in  their  own 
interests,  it  seems,  to  impose  such  terms  on  the  contractors  whose 
tenders  they  accept,  and  the  contractors  are  willing  in  order  that 
their  tenders  should  be  accepted,  to  be  bound  by  such  terms.  It  is 
no  part  of  our  duty  to  approach  such  curiously  coloured  contracts 
with  a desire  to  upset  them  or  to  emancipate  the  contractor  from 
the  burden  of  a stipulation  which,  however  onerous,  it  was  worth 
his  while  to  agree  to  bear.  To  do  so  would  be  to  attempt  to  dic- 
tate to  the  commercial  world  the  conditions  under  which  it  should 
carry  on  its  business.  To  an  adjudication  in  such  a peculiar  refer- 
ence the  engineer  cannot  be  expected,  nor  was  it  intended,  that  he 
should  come  with  a mind  free  from  the  human  weakness  of  a pre- 
conceived opinion.  The  perfectly  open  judgment,  the  absence  of 
all  previously  formed  or  pronounced  views,  which  in  an  ordinary 
arbitrator  are  natural  and  to  be  looked  for,  neither  party  to  the 
contract  proposed  to  exact  from  the  arbitrator  of  their  choice. 
They  knew  well  that  he  possibly  or  probably  would  be  committed 
to  a prior  view  of  his  own,  and  that  he  might  not  be  impartial  in 
the  ordinary  sense  of  the  word.  What  they  relied  on  was  his  pro- 
fessional  honour,  his  position,  his  intelligence',  and  the  contractor 
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certainly  had  a right  to  demand  that  whatever  views  the  engineer 
might  have  formed,  he  wonld  he  ready  to  listen  to  argument,  and, 
at  the  last  mnment,  to  determine  as  fairly  as  he  could,  after  all 
had  been  said  and  heard.  The  question  in  the  present  appeal  is, 
whether  the  engineer  of  the  company  has  done  anything  to  unfit 
himself  to  act,  or  render  himself  incapable  of  acting,  not  as  an 
arbitrator  without  previously  formed  or  even  strong  views,  hut  as 
an  honest  judge  of  this  very  special  and  exceptional  kind.  I w'ill 
assume  (without  deciding)  what  was  assumed  by  both  sides,  in  the 
argument  at  the  bar,  that  the  point  before  us  is  properly  raised  in 
such  an  action  as  the  present,  and  consider  the  matter  entirely  on 
its  merits.  That  the  letter  of  the  3nd  of  August  shows  Mr.  Barry 
to  have  had,  and  retained  up  to  the  opening  of  the  arbitration,  a 
rooted  view  that  the  contractor  was  wrong,  is  obvious.  This,  Mr. 
Barry  may  not  have  been  able  to  avoid.  Has  he,  then,  disqualified 
himself  from  pursuing  the  function  of  such  an  arbitrator  as  the 
contract  contemplates,  by  informing  the  contractor,  in  answer  to 
the  contractor's  controversial  letter,  of  what  the  contractor,  I am 
convinced,  well  knew  already,  viz.:  that  Mr.  Barry  wholly  disagreed 
with  him?  I cannot  see  that  the  letter  of  the  2nd  of  August  war- 
rants the  inference  that  Mr.  Barry  would  not  or  could  no  longer 
do  his  best,  when  the  matter  finally  came  before  him  and  his  legal 
assessor,  to  decide  honestly  between  his  own  distinct  view  and  that 
of  the  contractor.  He  restates,  it  is  true,  what  he  had  already 
stated,  and  I daresay  he  thought  it  fair  and  honest  towards  the 
contractor  to  do  so.  I should  agree  with  my  brother  Kekewich^s 
judgment,  if  I thought  the  letter  of  the  2nd  of  August  amounted 
to  an  intimation  that  the  contractor  would  not  be  patiently  listened 
to  and  receive  at  the  last  an  honest  decision.  Where  I differ  from 
my  brother  Kekewich  is,  that  he  seems  to  me  not  to  have  made 
sufficient  allowance  for  the  very  special  character  which  by  the  con- 
tract this  arbitrator  had  to  fulfil,  and  to  have  required  from  the 
engineer  of  the  company,  who  must  necessarily  be  a somewhat 
biassed  person,  but  by  whose  decision,  nevertheless  (fairly  given), 
the  parties  bad  contracted  to  be  bound — the  icy  impartiality  of  a 
liliadamanthus.  The  difficulty  in  the  contractor’s  way  arises,  not 
from  the  engineer’s  utterances  in  the  letter  of  the  2nd  of  August, 
but  from  the  fact  that  the  contractor,  by  liis  contract,  had  pledged 
himself  to  submit  this  very  dispute  that  has  arisen  to  the  person 
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with  whom  he  virtually  is  waging  it.  The  contractor  is,  as  it 
appears  to  me,  catching  at  a straw;  endeavouring  on  the  ground 
that  the  engineer  had  revealed  a view  which  every  one  was  aware 
he  entertained,  to  escape  from'  an  onerous  arbitration  clause  whicn 
the  contractor  accepted  as  part  of  the  consideration  for  his  bargain. 
To  release  him  on  such  a pretext  would  he  to  dissolve  his  obliga- 
tions under  the  contract  and  to  substitute,  by  force  of  the  power 
of  this  Court,  a wholly  different  and  far  more  agreeable  hind  of  arbitra- 
ment before  either  some  stranger  or  a jury  of  strangers,  a tribunal 
which  it  was  the  express  object  of  this  contract  to  exclude. 

For  these  reasons  I differ  from,  my  brother  Kekewich,  with 
whose  views  as  to  the  importance  of  judicial  impartiality  I entirely 
coincide,  regarding  them  only  as  not  quite  applicable  to  this  special 
case,  in  which  it  was  part  of  the  very  bargain  that  the  scales  of 
justice  in  the  case  of  a dispute  need  not  be  held  in  a neutral  or 
wholly  indifferent  hand.  I 

MCNAMEE  V.  TORONTO  (1892),  24  0.  R.  313. 

By  contract  between  contractor  and  city  for  additions  and 
improvements  to  its  waterworks  system,  all  differences  were  referred 
to  the  award  of  one  H.,  superintendent  in  charge  of  the  waterworks. 

Held  that  H.,  being  superintendent,  did  not  disqualify  him 
from  being  arbitrator,  and  on  the  evidence  no  cause  existed  to 
restrain  him  from  proceeding  with  arbitration: 

Causes  urged : H.  furnished  estimates  of  costs  of  work  to  city, 
which  were  acted  upon  in  accepting  plaintiff^s  tender  unknown  to 
plaintiff  when  he  executed  the  contract. 

Held,  the  fact  tl/at  the  superintendent  signed  certificate  as  to 
penalties  to  be  deducted  did  not  show  he  had  prejudged  the  case. 

Boyd,  C.:  The  Scotch  cases  show  that  when  arbitrator  named 
is  also  engineer  of  works,  anything  he  says  or  does  falling  within 
his  ordinary  functions  as  engineer  does  not  disqualify  him  as 
arbitrator;  this  results  from  his  dual  character — in  one  relation 
acting  as  agent  or  representative  of  proprietors,  and  in  the  other 
changing  his  function  to  that  of  a judge  who  is  to  hear  both  sides 
before  he  decides  the  matter  in  dispute. 
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IVES  AND  BARKER  V.  WILLANS  (1894),  2 Ch.  478. 

An  arbitration  clause  referring  disputes  to  the  engineer  of  one 
party  cannot  be  disregarded  on  the  ground  that  the  engineer  is  in 
substance  a judge  in  his  own  case,  unless  there  is  sufficient  reason 
to  suspect  that  he  will  act  unfairly. 

Provision : If  any  question,  difference  or  dispute  shall  arise 

between  company  and  contractor  touching  the  construction  or 
meaning  of  anything  contained  in  these  presents  or  in  said  specifica- 
tions, etc.,  or  as  to  any  works,  plant,  material,  etc.,  which  the  com- 
pany may  require  the  contractor  to  do,  or  any  extra  work  ordered 
or  as  to  price  to  be  charged,  or  moneys  alleged  to  be  due,  or  rlgnts 
and  liabilities  of  either  parties,  etc.,  the  matter  or  difference  shall  be 
referred  to  the  engineer,  whose  decision  thereon  will  be  final  and 
conclusive  on  both  parties.^^ 

Lindley,  L.J.,  says: — That  is  a very  stringent  provision  and 
one  is  surprised  at  first  that  any  contractor  should  submit  to  be 
bound  so  tightly,  because  a dispute  between  contractor  and  com- 
pany is  in  substance  a dispute  between  contractor  and  engineer, 
whose  business  it  is  to  see  that  works  are  done  for  the  company 
according  to  agreement,  plans  and  specifications;  and  the  real 
agreement  between  the  contractor  and  company  is  that  if  there  is 
any  dispute  between  them,  the  engineer  can  tell  the  contractor 
what  to  do,  and  order  him  to  do  what  he  likes  consistently  with  the 
agreement,  his  decision  must  be  final.^^ 

The  learned  Judge  gives  two  reasons.  First:  Competition  for 
this  kind  of  work  is  very  keen  and  contractors  compete  with  each 
other  to  get  it.  Second : It  has  been  ascertained  by  long  experience 
that  engineers  of  the  highest  character  may  he  trusted,  and  when  a 
contractor  enters  into  such  a very  stringent  provision  such  as  this 
he  knows  the  man  he  has  to  deal  with. 

ECKERSLEY  V.  MERSEY  DOCKS  & HARBOR  BOARD  (1894),  2 Q.  B.  66. 

The  rule  which  applies  to  a Judge  or  other  person  holding 
judicial  office,  viz.,  that  he  ought  not  to  hear  causes  in  which  he 
might  be  suspected  of  a bias  in  favour  of  one  of  the  parties,  does 
not  apply  to  an  arhitrator  named  in  a contract,  to  whom  the  parties 
have  agreed  to  refer  disputes  which  may  arise  between  them  und ex- 
it. In  order  to  justify  the  Court  in  sayiug  that  such  an  arbitrator 
is  disqualified  from  acting,  circumstances  must  be  Shown  to  exist 
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which  established  at  least  a probability  that  he  will  be  in  fact 
biassed  in  favour  of  one  of  the  parties  in  giving  his  decision. 

This  was  a dispute  between  the  contractors  and  the  board  above 
named,  in  w'hich  the  former  claimed  that  by  the  negligence  or  incom- 
petence of  the  assistant  engineer,  who  was  the  son  of  the  engineer 
under  the  contract,  water  had  escaped  into  the  Canada  Dock  which 
they  were  excavating,  causing  them  delay  and  loss.  The  contractors 
commenced  an  action  claiming  it  should  not  be  stayed  under  arbi- 
tration clause,  because  of  probability  of  bias  of  engineer  in  favour  of 
defendants,  and  that  engineer's  son  hoped  to  succeed  his  father  in 
the  post  of  engineer  to  board. 

That  eminent  Judge,  Lord  Esher,  said: — 

It  seems  to  be  admitted  that  if  the  engineer  had  to  consider 
whether  he  had  himself  given  a negligent  or  unskilful  or  incom- 
petent order,  it  could  not  be  said  that  the  Court  would  be  justified  in 
directing  that  the  matter  would  not  be  referred  to  him,  but  the  Court 
is  asked  to  act  because  such  an  order  was  given  by  his  son;  i.e.,  a 
man  who  could  not  be  biassed  in  judging  of  his  own  acts  would  be 
biassed  to  give  a decision  in  favour  of  his  son  which  he  knew  to  be 
wrong.  I cannot  take  that  view  of  human  nature.” 

Where  you  have  a man  of  high  character,  one  whose  char- 
acter for  impartiality  cannot  be  impeached  when  he  has  to  decide 
as  to  his  own  conduct,  to  say  such  a man  would  not  have  enough 
honesty  and  strength  of  mind  to  act  impartially  when  his  soiT? 
conduct  came  in  question,  is  a statement  which  I cannot  accept.  I 
do  not  believe  it  in  this  particular  case.” 

GOOD  V.  T.  H.  & B.  R.  CO.  (1899),  26  A.  E.  133. 

The  rule  that  a contractor  is  bound  by  a condition  in  his  con- 
tract making  the  employer's  engineer  the  interpreter  of  the  contract 
and  the  arbiter  of  all  disputes  arising  under  it,  does  not  extend  to 
a case  where  a named  engineer,  while  in  fact  the  engineer  of 
the  employer,  is  described  in  the  contract  as,  and  is  supposed  by 
the  contractor  to  be,  the  engineer  of  a third  person. 

In  a contract  between  Good  and  a construction  company,  the 
engineer  named  was  that  of  the  railway  company.  The  construction 
company  in  reality,  though  unknown  to  the  contractor,  controlled 
the  railway  company,  and  the  pngineer  was  really  paid  by  them. 
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This  was  also  unknown  to  the  contractor.  The  final  certificate  was 
not  given  under  the  contract,  but  Armour,  C.J.,  held  that  this  did 
not  disentitle  the  contractor  from  payment  for  his  claim,  the 
engineer  being  “Young^s  man  from  the  heginning,^^  Young  formed 
the  construction  company,  and  the  construction  company  controlled 
the  railroad  company.  The  learned  Chief  Justice  said  that  the  con- 
tractor was  entitled  to  say  upon  discovering  the  arrangement  be- 
tween the  engineer  and  construction  company : He  is  not  our 

choice  as  judge  under  this  contract,  and  we  repudiate  our  being 
bound  by  the  term  of  the  contract  which  requires  a certificate  from 
him;^^  and  Mr.  Justice  Osier  held  that  the  contractor  had  the  right 
to  assume  that  the  engineer  was  not  the  servant  or  agent  of  the  con- 
struction company,  not  their  salaried  official,  that  he  owed  no  duty  to 
them  as  having  been  employed  by  them.,  and  that  he  was  indepen- 
dent of  them.  I 
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F.  C.  Smallpeice,  ^98. 


Since  the  earliest  days  of  electrical  engineering  the  superiority 
of  copper  as  a condnctor  for  commercial  nse  has  been  undisputed. 
The  high  specific  conductivity  of  copper  (almost  equal  to  that  of 
silver),  the  ease  with  which  it  can  be  drawn  into  wires,  and  the  high 
tensile  strength  of  such  wires,  only  exceeded  by  steel  and  iron,  are 
properties  which  have  rendered  the  metal  invaluable  for  electrical 
purposes.  In  addition  to  this,  the  metal  can  be  freed  from  its  im- 
purities, and  a very  uniform  product  obtained  by  comparatively 
inexpensive  processes. 

Within  the  last  two  or  three  years,  however,  the  absolute  rule 
of  copper  in  the  electrical  world  has  been  somewhat  shaken  by  the 
rapid  advances  made  in  the  manufacture  of  aluminum.  Undoubt- 
edly the  abnormally  high  price  of  copper  during  the  past  three  years 
has  been  largely  instrumental  in  bringing  to  notice  the  claims  of 
aluminum;  and  whether  the  latter  will  ultimately  displace  copper 
for  some  purposes  is  largely  a matter  of  conjecture.  Though  but 
recently  introduced,  aluminum  has  been  used  for  several  long  trans- 
missions on  this  continent  and  in  Europe,  and  great  interest  is  being 
manifested  in  the  results  obtained  on  these  lines. 

Aluminum  can  hardly  be  said  to  have  attained  importance  as  a 
commercial  product,  or,  at  any  rate,  as  a rival  of  copper,  as  the 
following  figures  will  show: — 


NOTES  ON  ALUMINUM  CONDUCTORS. 


91 


For  the  year  1900 — 

The  worlTs  output  of  aluminuin  was  6,150  tons,  of  which  2,225 
tons  were  prodnced  in  the  United  States. 

The  output  of  copper  for  the  same  year  was  543,000  tons,  the 
United  States  producing  300,000  tons. 

(Thus  the  output  of  aluminum  was  only  about  1.1%  that  of 
copper. 

On  this  continent  the  only  company  manufacturing  aluminum 
is  the  Pittsburg  Eeduction  Company,  operating  Works  at  Niagara 
Falls,  N.Y.,  and  at  Shawinigan  Falls,  P.Q.  During  the  past  year  or 
two  this  company  has  hardly  been  able  to  keep  pace  with  the  demand 
for  its  product. 

In  Europe  there  are  six  firms  engaged  in  the  reduction  of  alu- 
minum from  its  ores,  one  of  these  being  an  English  company.  The 
methods  employed  are  for  the  most  part  secret,  but  in  all  cases  the 
process  involves  the  use  of  electric  current  in  a bath  of  fused  electro- 
lyte. It  may  also  be  said  that  all  the  European  companies  manu- 
facture calcium  carbide,  though,  of  course,  this  is  an  entirely  dis- 
tinct branch  of  their  business,  the  process  being  quite  different 
from  that  of  aluminum  reduction. 

The  price  of  aluminum  to-day  is  in  the  neighborhood  of  30c. 
per  lb.,  while  the  price  of  copper  being  controlled  largely  by  trusts 
and  subject  to^  the  trickery  of  the  stock  market,  has  in  the  last  year 
ranged  from  19c.  to  12c,  per  lb.  Considering  the  relative  specific 
gravities  and  conductivifies  of  the  two  metals  for  any  given  trans- 
mission, the  weight  of  aluminum  required  is,  roughly,  half  the 
weight  of  copper.  Consequently  at  30c.  per  lb.  aluminum  is  equiva- 
lent to  15c.  copper;  and  at  20c.  per  lb.  would  be  as  cheap  as  copper 
at  10c.  Thus,  though  the  aluminum  industry  is  still  young,  the 
metal  can  to-day  be  put  on  the  market  at  a price  equivalent  to  that 
of  copper  as  a conductor;  and  it  seems  probable  that  as  their  output 
increases  the  manufacturers  will  be  able  to  produce  the  metal  at 
still  lower  prices. 

Specific  Gravity. — Considering  the  properties  of  the  two  metals 
as  affecting  their  use  as  conductors,  we  have  first  the  specific  gravity 
of  chemically  pure  aluminum=2.56,  while  aluminum  wire  over  99% 
pure  has  a specific  gravity  of  2.68.  This  increased  density  in  the  com- 
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mercial  wire  is  not  proportional  to  the  amounts  of  impurities  present, 
bnt  seems  to  be  due  to  a contraction  caused  by  these  impurities,  and 
depends  also  on  the  working  of  the  m'etal.  The  specific  gravity  of 
commercial  copper  we  may  take  as  8.93.  Thus  we  get  1 :3.33  as  the 
ratio  between  the  weights  of  equal  volumes  of  aluminum  and  copj3er. 

Tensile  Strength. — Perhaps  nothing  has  contributed  so  to  the 
lack  of  confidence  felt  by  many  electrical  men  towards  the  new 
conductor  as  the  failure,  due  to  low  tensile  strength,  of  several  of 
the  first  aluminum  lines  to  be  installed  in  this  country. 

When  first  introducing  aluminum  wire  advantage  was  taken  by 
the  Pittsburg  Eeduction  Co.  of  the  fact  that  almost  all  foreign 
metals  when  alloyed  with  aluminum  increase  the  tensile  strength  of 
the  wire. 

For  instance,  a No.  12  B.  & S.  wire  showed  a tensile  strength 
of  39,000  pounds  per  square  inch;  same  wire  alloyed  with  1%  nickel, 

45.000  pounds  per  square  inch;  same  wire  alloyed  with  2%  nickel, 

55.000  pounds  per  square  inch. 

This  increased  tensile  strength  was  not  gained,  however,  with- 
out offsetting  disadvantages.  For,  taking  the  conductivity  of  the 
pure  aluminum  as  63  in  the  Matthiessen  standard,  one  per  cent, 
of  nickel  reduced  this  to  58,  while  the  two  per  cent,  alloy  showed 
a conductivity  of  only  about  54.  The  above  is  the  result  of  a test 
made  by  the  Pittsburg  Eeduction  Co.  . 

For  all  the  first  lines  installed  alloyed  wire  was  used,  and  the 
result  was  far  from  satisfactory. ' In  almost  every  instance  so  many 
breaks  occurred  in  the  lines  that  they  had  to  be  replaced.  In  one 
instance  over  fifty  breaks  were  reported  in  a mile  of  line,  all  occur- 
ring inside  of  one  month.  The  cause  of  these  failures  seems  to  be 
a lack  of  homogeneity  in  the  alloyed  wires.  Apparently  the  copper, 
nickel  or  other  metal  used  to  give  strength  to  the  wires  does  not 
form*  a perfect  alloy  with  the  aluminum,  but  tends  to  settle  in  spots 
in  the  wire  bar.  These  spots  are  hard  and  brittle,  and  the  wire  is 
very  apt  to  break  at  these  points. 

The  use  of  alloyed  wires  has,  however,  been  abandoned,  and  all 
wires  sold  at  present  are  commercially  pure  aluminum.  The  results 
obtained  have  been  very  gratifying  to  the  manufacturers. 
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The  following  figures  are  from  tests  made  by  the  Pittsburg 
Eeduction  Co.: 


Elastic 

Limit 

Ultimate 

Strength 

Reduction 
in  Area 
Per  Cent. 

Estimated 
SafeWork- 
ing  Load 

Average  of  tests  on  wires  J " to  ^ " 
diameter  (wire  as  drawn) 

12000 

24500 

58.46% 

65.57% 

68.00% 

62.00% 

4500 

Same  annealed 

10870 

22830 

' 4500 

Average  of  tests  on  wires  to  " 

diameter 

32000 

54000 

12000 

Same  annealed 

21000 

33000 

7000 

The  tests  were  made  on  ISTo.  1 quality  aluminum^,  all  over  98% 
pure.  Annealing  renders  the  wire  more  pliable,  and  m-ore  easily 
handled. 

The  practice  of  the  company  at  present  is  to  make  all  line  con- 
ductors up  in  the  form  of  cables.  The  reasons  are  two-fold.  First, 
any  weakness  in  one  strand,  due  to  hard  spots  caused  by  the  concen- 
tration of  impurities,  does  not  endanger  the  whole  cable.  By  strand- 
ing the  conductor  there  is  only  a small  chance  of  these  brittle  places 
coming  together  in  the  cable,  and  thus  though  one  strand  may  be 
weak,  the  strength  of  the  whole  section  will  not  be  greatly  affected. 
The  second  reason  for  stranding  line  conductors  will  be  apparent  by 
referring  to  the  table  just  given.  The  higher  tensile  strength  in 
the  smaller  size  of  wire  is  quite  marked. 

Up  to  Uo.  8 B.  & S.  3-strand  cables  are  used.  For  Uo.  6 B.  & S. 
either  3 ^or  7 strands;  and  the  number  of  strands  is  increased  for 
sizes  still  larger. 

Comparing  the  tensile  strengths  of  copper  and  aluminum,  Dr. 
ICennelly’s  tests  for  the  Bay  Counties  Co.  of  California  gave  an  aver- 
age of  33,000  pds.persq.in.  as  the  ultimate  strength  of  the  aluminum 
wire  used.  The  strength  of  soft  drawn  copper  is  given  by  Eoebling 
as  32,000  to  36,000  pds.  per  sq.  in.,  and  45,000  to  68,000  for  hard 
drawn  wire.  In  comparing,  however,  we  must  remember  that  for 
the  same  conductivity  an  aluminum  conductor  must  have  a cross- 
section  1.6  times  that  of  copper.  ^ 

The  elastic  limit  of  aluminum  is  not  very  well  defined,  for  the 
reason  that  the  wire  takes  up  a permanent  set  at  very  low  strains. 
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It  appears,  however,  that  somewhere  between  14,500  and  17,000 
(according  to  Dr.  Perrine)  this  permanent  set  increases  rapidly,  in- 
dicating that  the  safe  working  load  lies  within  these  limits.  In 
one  respect  this  tendency  to  elongate  is  an  advantage,  since  it 
counteracts  to  some  extent  the  effect  of  the  large  co-efficient  of 
expansion  referred  to  later.  For  instance,  a span  drawn  up  in  the 
summer,  so  as  to  allow  hut  little  sag,  might  break  under  the  heavy 
strain  due  to  the  contraction  in  cold  weather  were  it  not  for  the 
stretching  of  the  wire.  It  is  necessary  to  exercise  care  in  erecting 
aluminum  spans  to  avoid  reducing  the  cross-section  in  drawing  up. 

, Under  these  conditions  copper  is  much  better,  though  soft- 
drawn  wire  has  the  same  tendency.  The  percentage  elongation  in 
hard-drawn  copper  is  very  slight,  but  a loss  of  about  2%  in  con- 
ductivity can  be  coumed  upon,  due  to  hard-drawing. 


Expansio7i. — British  Board  of  Trade  gives  the  following  figures: 
Co-efficient  of  expansion  (linear). 

Aluminum 0.00001234.) 

Copper 0.00000887.  J 

i.e.,  expansion  of  aluminum  is*  1.39  times  that  of  copper. 


Per  degree  Fahrenheit. 


Thus  in  climates  subject  to  extremes  of  temperature  greater 
care  must  be  taken  in  erecting  aluminum  lines  to  give  them  the 
proper  sag.  In  this  connection  rather  complete  tests  have  been 
made  by  the  Pittsburg  Eeduction  Co.  to  aid  their  customers  in  the 
erection  of  lines.  In  a span  the  sag  at  any  given  temperature  can- 
not be  computed  from  the  co-efficient  of  expansion  given  above, 
since  every  increase  in  the  length  of  the  wire  due  to  rise  of  tempera- 
ture causes  a decrease  in  the  tension  of  the  wire.  Supposing  the 
strain  to  be  wdthin  the  elastic  limit,  the  decrease  in  tension  causes 
a proportional  decrease  in  length,  so  that  it  has  been  found  that  the 
net  expansion  is  about  one-half  what  it  would  be  if  the  wire  were 
supported  throughout  its  whole  length. 

The  method  of  determining  the  net  expansion  is  as  follows: — 

Spans  of  different  lengths  are  chosen  and  the  wires  fastened 
securely  at  one  end.  The  other  end  runs  over  a knife  edge  to  a 
spring  balance.  By  a standard  at  the  centre  of  the  span  the  deflec- 
tion is  measured.  The  deflection  being  noted  and  also  the  corres- 
ponding .tension,  the  wire  is  given  more  sag  by  allowing  a length 
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corresponding  to  the  linear  expansion  for  any  desired  rise  of  tem- 
perature to  pass  over  the  knife  edge.  Then  the  deflection  and  ten- 
sion are  again  noted.  Thus  the  conditions  of  the  wire  over  a wide 
range  of  temperature  can  he  determined. 

The  table  gives  the  results  of  a series  of  such  tests. 

TABLE  OF  DEFLECTIONS  AND  TENSIONS  FOR  ALUMINUM  WIRE. 

X = Deliection  in  inches  at  centre  of  span;  S = Factor,  which  multiply  by  weight 
of  foot  of  wire  to  obtain  tension.  Maximum  Load  =15,000. 
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Electrical  Properties. — The  conductivity  of  the  Pittsburg  Eeduc- 
tion  Co.^s  wire  has  been  given  as  between  60  and  61  in  the  Matthies- 
sen  scale,  though  within  the  last  few  months  the  writer  understands 
that  this  has  been  increased  to  62  through  improved  methods  of 
treatment.  Annealed  copper  averages  a conductivity  of  99,  and 
|^=1.6  is  the  ratio  of  the  speciflc  conductivities. 

It  will  be  remembered  that  in  the  B.  & S.  gauge  this 
corresponds  very  closely  to  r^,  where  r (1.12)  is  the  ratio  be- 
tween the  diameters  of  any  two  consecutive  sizes.  Thus  a conveni- 
ent rule  for  determining  the  equivalent  of  a copper  wire  of  any 
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gauge  number  is  to  take  the  aluminum  wire  two  sizes  larger.  For 
example,  No.  00  copper  has  a conductivity  equal  to  No.  0000 
aluminum. 

For  equal  conductivity  in  a given  transmission  the  weights  of 
copper  and  aluminum  required  will  be  as  1 : f = I : O.-h^. 

Effects  of  Alternating  Currents. — The  self-induction  and  capa- 
city of  a transmission  circuit  depend  upon  the  ratio  of  the  diameter 
of  the  conductors  to  the  distance  between  them.  For  the  same 
conductivity  the  diameter  of  an  aluminum  wire  is  roughly  26% 
greater  than  that  of  a copper  wire.  Hence  we  can  say : — 

(a)  If  the  aluminum  wires  are  26%  farther  apart  than  the 
copper  wires,  the  capacity  and  self-induction  will  be  the  same. 

(b)  It  can  also  be  shown  that  if  the  wires  be  the  same  distance 
apart  that  the  self-induction  of  the  aluminum  circuit  will  be  de- 
creased from  3 to  5%,  and  its  capacity  increased  by  about  the  same 
amount  as  compared  with  a copper  circuit  of  the  same  conductivity. 

Skin  effect — or  the  tendehcy  of  an  alternating  current  to  flow  near 
the  surface  of  a conductor,  thus  increasing  its  effective  resistance. 
This  effect  is  almost  always  negligible  with  frequencies  ordinarily 
employed  in  transmission  work,  the  increase  in  effective  resistance 
being  only  for  a K-in.  copper  wire  at  60  cycles.  Skin  effect  is 
proportional  to  the  square  of  the  frequency  and  cross-section,  and 
inversely  proportional  to  the  square  of  the  specific  resistance,  hence 
for  aluminum*  and  copper  wires  of  equal  conductivity  the  effect  is 
the  same  since  the  cross-section  and  specific  resistance  are  increased 
in  the  same  proportion. 

From  the  above  it  would  appear  that  so  far  as  the  effects  of 
alternating  currents  are  concerned,  there  is  little  to  choose  between 
aluminum  and  copper.  Any  difference  in  their  behaviour  is  in 
favour  of  aluminum. 

The  temperature  co-efficients  of  resistance  are  about  the  same, 
viz.: — Aluminum,  .90214  per  degree  F.;  copper,  .00217  per  degree  F. 

Chemical  Properties. — When  we  consider  the  chemical  properties 
of  aluminum  we  are  confronted  with  a serious  difficulty,  namely, 
the  joint  problem.  With  copper,  good  permanent  joints  equal  in 
conductivity  to  the  wire  itself  can  readily  be  made  by  soldering,  but 
the  soldering  of  aluminum  is  such  a difficult  and  uncertain  operation 
that  it  is  almost  impossible  to  carry  it  out  in  line  work. 
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This  difficulty  in  soldering  may  be  attributed  to  three  causes : — 

(1)  Aluminum  is  very  highly  electro-positive,  in  fact  more 
positive  than  any  of  the  commercial  metals.  Consequently  it  oxi- 
dizes very  readily,  and  its  surface  is  always  coated  with  a thin  film 
of  AI2  O3,  which  has  to  be  removed  to  effect  a soldered  joint.  Or- 
dinary fluxes  have -no  effect,  as  the  oxide  film  forms  as  fast  as  it  is 
removed.  The  usual  method  employed  is  to  use  a solder  of  such  a 
composition  that  it  contains  its  own  flux,  and  thus  the  removal  of 
the  oxide  film  and  the  taking  hold  of  the  solder  are  simultaneous. 

(2)  Owing  to  the  high  specific  conductivity  for  heat  of  alum- 
inum', it  requires  a very  high  temperature  to  effect  a joint.  Also 
while  solder  combines  with  copper  at  460°  F,  over  650°  F is  required 
to  make  a combination  with  aluminum. 

(3)  The  fact  that  aluminum  is  so  highly  electro-positive  is  the 
cause  of  galvanic  action  between  the  metal  and  its  solder,  unless 
the  solder  be  very  near  aluminum  in  the  electro-chemical  series. 
A few  days  in  water  will  render  useless  many  an  apparently  good 
joint. 

The  solder  recommended  by  the  Pittsburg  Peduction  Co.  is  that 
proposed  by  Mr.  Joseph  Eichards,  and  is  also  that  used  by  nearly 
all  the  manufacturers  of  aluminum  in  Europe. 

Its  composition  is: — 29  parts  tin, 

11  parts  zinc, 

1 part  aluminum, 

. 1 part  phosphor-tin. 

The  superiority  of  the  solder  seems  to  be  due  to  the  phosphor- 
tin.  The  parts  are  heated  and  the  melting  stick  of  solder  rubbed 
liard  over  the  surface  to  remove  the  film  of  oxide.  While  the  solder 
is  still  fluid  the  surface  is  rubbed  with  a metal  brush  to  ensure  a 
thorough  combination.  After  the  pieces  are  tinned  as  above,  pure 
block  tin  is  used  to  sweat  them  together.  As  it  is  impossible  to 
cause  the  solder  to  flow  into  an  aluminum  joint,  the  tin  must  be  put 
just  where  it  is'  required. 

While  the  above  process  appears  to  be  fairly  simple,  unless  the 
work  is  done  by  an  expert,  the  joints  are  seldom  satisfactory.  Con- 
sequently in  nearly  all  lines  recently  erected  mechanical  joints  have 
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been  used,  and  as  far  as  can  be  learned  they  have  proved  quite  snc- 

cessfnl.  Several  forms  of  mechanical  joints  are  given  below: 

Fig.  1 is  an  aluminum  sleeve  employed  for  sizes  up  to  No.  000.. 
The  ends  of  the  wire  are  inserted  and  the  whole  is  twisted  through 
three  or  four  turns.  Fig.  2 is  known  as  the  compression  joint,  and 
consists  of  three  parts.  The  cable  ends  are  inserted  in  the  sleeves- 
2 and  3,  and  held  in  place  by  hydraulic  pressure.  This  is  usually 
done  in  the  factory,  both  ends  of  every  coil  sent  out  being  furnished 
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with  sleeves;  then  all  that  is  necessary  in  the  erection  of  the  line  is 
to  couple  these  sleeves  together  by  means  of  the  right  and  left  hand 
connector  1.  Fig.  3 is  called  the  wedge  joint..  The  ends  of  the 
cables  are  passed  through  the  sleeves  2,  and  the  strands  spread  by 
the  conical  wedges  3.  The  coupling  1 is  now  screwed  on,  and  as  the 
bases  of  the  wedges  are  pressed  together  the  wires  are  pressed  more 
firmly  against  the  conical  recess  in  the  sleeve.  Both  of  the  latter 
forms  of  joint  are  quite  largely  used,  the  compressive  joint  being 
tlie  more  common. 
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The  action  of  gases  and  vapors  upon  alnminnm  wire  is  still 
rather  a moot  point.  While  the  manufacturers  claim  that  the  metal 
is  quite  equal  to  copper  in  its  non-corrosive  properties,  investiga- 
tions of  Kershaw  in  England  show  that  the  wire  is  corroded  by  the 
sulphurous  vapors  of  a city  and  by  hydrochloric  acid.  It  is  perhaps 
hardly  fair  to  judge  the  American  product  by  the  results  of  Ker- 
shaw^s  tests,  as  his  experiments  were  with  heavily  alloyed  wire  of 
51%  conductivity.  It  might  be  said  also,  that  the  test's  were  con- 
ducted at  St.  Helenas,  which  is  the  centre  of  large  chemical  industries. 
A less  favourable  place  could  hardly  have  been  chosen.  The  action 
of  hydrochloric  acid  is  not  as  great  as  might  be  expected,  protection 
being  afforded  by  the  coating  of  Alg  O3  which  always  covers  the  wire. 
The  manufacturers  claim  that  no  corrosion  takes  place  on  wires 
exposed  to  the  salt  air  along  the  coast. 

The  galvanic  action  of  aluminum  in  contact  with  nearly  all 
metals  makes  it  important  that  all  ties,  joints,  etc.,  be  made  of  the 
same  metal.  The  resistance  to  corrosion  is  decreased  by  small  per- 
centages of  impurities,  notably  silicon  and  iron,  which  are  difficult  to 
remove.  Sodium  is  also  most  harmful.  The  Pittsburg  Eeduction 
Co.  attribute  nearly  all  failures  from  corrosion  to  the  presence  of 
these  metals. 

To  sum  up  what  lias  been  said,  weight  for  weight  aluminum  has 
about  double  the  conductivity  of  copper,  with  a tensile  strength 
about  90%  that  of  soft-drawn  copper  or  60%  that  of  hard-drawn 
copper.  The  weakening  tendency  of  impurities  is  overcome  by  the 
use  of  stranded  conductors.  It  is  possible  to  use  longer  spans  for 
aluminum'  wire  on  account 'of  its  lightness. 

On  the  new  Kiagara-Buffalo  aluminum  line  the  poles  are  113 
feet  apart,  against  75  ft.  spans  on  the  copper  line.  Thus  a saving 
of  about  one-third  on  the  poles  and  insulators  was  effected. 

Chemically  the  balance  seems  to  be  in  favour  of  copper,  though 
the  aluminum  lines  already  in  use  have  not  been  in  position  long 
enough  to  give  any  definite  information  on  this  point.  The  joint 
problem  has  been  satisfactorily  solved  by  the  mechanical  contriv- 
ances described.  With  aluminum  wo  have  reduced  freights,  and 
gain  in  the  matter  of  distribution  and  handling.  It  is  claimed  also 
by  those  who  have  used  aluminum,  that  the  labour  in  erection  is 
materially  less  than  where  copper  is  used.  The  wire  can  often  be 
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strung  along  the  ground  and  carried  upon  the  poles  on  a inan^s 
shoulder.  It  is  said  also  that  the  care  necessary  in  giving  the  proper 
sag  has  been  exaggerated. 

Aluminum  is  not  so  well  adapted  for  other  branches  of  electrical 
work,  except  perhaps  for  bus  bars,  where  it  has  been  quite  extensively 
used.  The  large  cross-section,  as  compared  with  copper,  makes  its 
use  for  armature  conductors  and  all  windings  where  space  is  an  im- 
portant factor,  almost  prohibitive.  It  has  replaced  brass  in  the  parts 
of  many  electrical  measuring  instruments,  and  has  also  been  recom- 
mended lor  spacing  blocks  in  iron  cores.  The  large  section  makes 
insulation  of  aluminum  conductors  more  expensive,  and  the  finished 
wire  is  very  bulky.  Mr.  Steinmetz  says  that  aluminum  has  not 
proved  successful  for  commutators.  There  are  many  other  minor 
uses  to  which  aluminum  has  been  put,  too  numerous  to  mention  here. 


THE  BEHAVIOUR  OF  STEEL  UNDER  STRESS. 


Professor  C.  H.  C.  Wright,  B.A.  Sc. 


While  discussing  with  one  of  the  members  of  the  Conncil  of  this 
Association  the  results  of  certain  experimental  work  of  the  post- 
graduate year  at  the  School  of  Practical  Science,  I was  induced  to 
pr  mise  a paper  on  the  behaviour  of  steel  under  stress,  and  in  its 
preparation  I have  kept  in  view  the  younger  members  and  students 
of  the  Association. 

Inasmuch  as  the  use  of  steel  has  completely  revolutionized 
methods  of  construction  and  plan,  its  effect  should  be  and  is  appar- 
ent in  the  design,  not,  however,  to  the  extent  the  material  deserves. 
It  has  been  the  custom  for  years  to  use  rolled  shapes,  rivets,  and 
joints  of  an  engineering  type  partly  because  this  branch  of  the  work 
has  been  generally  relegated  to  the  engineer,  and  partly  because 
most  of  the  steel  work  is  hidden.  Is  not  much  of  it  hidden  because 
it  is  considered  unsightly?  Why  should  not  the  parts  exposed  to 
view  be  aesthetically  treated  and  the  shapes  receive  architectural 
attention. 

It  has  always  been  considered  necessary  to  study  carefully  the 
properties  of  other  building  materials.  The  successful  treatment  of 
granite  shows  boldness  or  vigor;  of  marble,  delicacy  or  refinement; 
of  sandstone,  elaboration;  of  terra-cotta,  repetition,  etc. 

While  steel  has  been  used  very  largely  during  the  last  decade,  it 
will  be  used  much  more  extensively  in  the  immediate  future.  It 
becomes  desirable  that  the  members  of  our  profession  should,  and 
imperative  that  the  younger  members  shall,  observe  closely  the 
peculiar  properties  and  behaviour  of  this  important  material  in 
order  that  it  may  be  treated  satisfactorily  in  design  as  well  as  in 
construction.  It  ought  not  and  cannot  bo  left  to  the  engineer. 

Note.— This  is  a paper  read  by  Professor  Wright  before  the  Annual  Conven- 
tion in  January,  1902,  of  the  Ontario  Association  of  Architects. — Editor. 
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Another  difficulty  that  might  he  mentioned  is  the  action  of  fire 
on  steel.  Serious  as  this  difficulty  is  from  the  point  of  view  of 
design,  it  must  he  met  frankly  and  not  forgotten  that  this  very  same 
property  enables  it  to  he  rolled  and  worked  into  shapes  economically. 

Interesting  as  this  line  of  thought  is,  we  must  turn  our  atten- 
tion to  the  more  elementary  stages  and  consider  a few  of  the  pro- 
perties of  steel.  . 

Suppose  a steel  rod  (usually  24"  long)  is  placed  in  a testing 
machine  and  a load  applied  so  as  to  produce  tension  in  the  rod. 
How  if  measurements  of  the  lengths  of  a part  of  the  rod  (usually 
8")  are  made,  it  will  be  found  that  for  every  load  applied  or  stress 
ijiduced  there  is  a corresponding  change  in  length,  a deformation  or 
strain;  further,  that  when  the  load  is  removed  the  load  will  regain 
its  original  length. 

There  is  a point,  however,  beyond  which  this  is  not  true,  or 
where  the  deformation  or  strain  is  not  constant  for  equal  increments 
of  load  or  stress.  Below  this  point  steel  is  elastic,  while  beyond  it  it 
is  plastic.  The  point  at  which  this  change  occurs  is  called  the 
elastic  limit.  If,  however,  a piece  of  steel  be  stretched  (strained) 
beyond  the  elastic  limit,  and  the  load  removed,  -it  will  contract  more 
or  less,  but  will  not  regain  its  original  length. 

The  measurements  of  deformation  or  strain,  which  must  be 
accurate  to  the  nearest  1-10,000  of  an  inch,  are  made  with  an  exten- 
someter  of  which  this  Eiehle  Yale  represents  a very  satisfactory 
type.  As  will  readily  be  seen,  the  points  of  the  screws  which  fasten 
it  to  the  specimen  are  held  rigidly  8"  apart.  After  fastening  it  to 
the  specimen,  the  bar  connecting  the  two  heads  is  removed,  and 
the  two  micrometers  are  read  or  set  at  zero  (the  contact  being  deter- 
mined by  the  ringing  of  an  electric  bell  on  the  closing  of  the  cir- 
cnit  by  the  contact).  A load  is  next  applied  to  the  specimen,  and  the 
micrometers  are  again  read,  the  difference  between  the  two  sets  of 
readings  giving  the  deformation  or  strain  corresponding  to  the  load 
or  stress.  If  the  stress  be  doubled  the  micrometers  will  show  that 
the  strain  has  been  doubled.  As  the  stress  is  increased  it  will  be 
found  that  equal  increments  of  load  will  produce  equal  strains  so 
Icng  as  the  steel  remains  elastic,  or  in  other  words  within  the  elastic 
limit. 

If  these  measurements  were  continued  and  the  resultant  stress 
strain  curve  drawn,  plotting  the  loads  as  vertical  ordinates,  and  the 
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strains  as  horizontal  abscissa,  it  would  resemble  0 A B C of  tbe 
accompanying  figure. 

In  the  complete  curve  there  are  four  significant  points,  viz., 
the  true  elastic  limit,  A;  the  apparent  elastic  limit,  B;  the  ultimate 
strength,  C;  and  thq  breaking  point,  D.  From  0 to  A the  ratio  of 
stress  to  strain  or  load  to  deformation  is  constant  and  the  curve 
becomes  a straight  line.  Between  A and  B the  ratio  of  strain  to 
stress  increases  slightly,  while  at  B a very  marked  change  takes 
place,  hence  the  term  apparent  elastic  limit.^^  Micrometer  meas- 
urements of  the  length  are  not  necessary  to  determine  this  point, 
and  consequently  it  is  widely  used  in  commerce,  and  is  often  spoken 
of  as  the  commercial  elastic  limit,-’^  or  often  merely  elastic 
limit.^^  Beyond  the  elastic  limit  the  material  continues  to  increase 


in  length  as  additional  loads  are  added  until  it  reaches  its  ultimate 
strength,  when  it  begins  to  fail.  It  no  longer  continues  to  sup- 
port the  load,  but  stretches  under  a decreasing  load  and  finally  sepa- 
rates under  a greatly  reduced  one  such  as  is  indicated  in  our  dia- 
gram by  the  point  D. 

Specimen  No.  1 is  a mild  steel  made  by  the  open  hearth  pro- 
cess and  gave  the  following  results  when  tested  in  tension.  Tlie 
length  of  the  specimen  was  24  inches  and  its  diameter  1".015. 
Punch  marks  one  inch  apart  were  made  along  the  rod.  The  speci- 
m-en  was  then  placed  in  the  testing  machine  and  subjected  to  ten- 
sion. The  load  was  gradually  applied  and  the  material  elongated 
uniformly  for  a time  until  it  reached  a point  where  it  stretched  under 
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a constant  load  of  21,000  pounds,  i.e.,  the  commercial  elastic  limit  of 
21,000-i-(1.015^x.7854)  i.e.,  21,000  divided  by  the  cross-section  of 
the  rod  or  27,200  pounds  per  square  inch.  The  rod  finally  broke 
under  a load  of  37,700  pounds  or  of  37,700-f-(1.0152x.7854)  or 
47,200  pounds  per  square  inch  of  its  original  cross-sectional  area. 
On  measuring  the  distance  between  two  of  the  punch  marks  origin- 
ally 8"  apart  (4  on  each  side  of  the  break),  it  was  found  to  be  11.08'' 
long,  i.e.  the  steel  had  an  elongation  in  8"  of  38.5%.  Collecting  we 
have : — 

Commercial  elastic  limit 27,200  pds.  per  sq.  in. 

Ultimate  strength 47,200  “ 

Elongation  in  8 inches 38.5% 


The  following  measurements  made  on  this  specimen  will  show 
perhaps  more  clearly  the  elasticity  of  the  material. 


Load  in  Pds. 

Stress  in  Pounds 
per  sq.  inch. 

1,000 

1237 

2,000 

2474 

3,000 

3711 

4,000 

4948 

5,000 

6185 

6,000 

7422 

7,000 

8659 

8,000 

9896 

9,000 

11133 

10,000 

12370 

11,000 

13607 

12,000 

14844 

13,000 

16081 

14,000 

17318 

15,000 

18555 

16,000 

19792 

Extensometer 

Deformation 

readings. 

or  Strain. 

8.0005 

0.0005 

8.0009 

.0004 

8.00125 

.00035 

8.00160 

.00035 

8.00195 

.00035 

8.00225 

.0003 

8.0026 

.00035 

8.00295 

.00035 

8.00325 

.0003 

8.00355 

.0003 

8.0039 

.00035 

8.00425 

.00035 

8.00455 

.0003 

8.0049 

.0003 

8.0052 

.00035 

8.00555 

.0003 

On  drawing  this  stress  strain  curve,  plotting  the  stresses  as 
vertical  ordinates  and  the  strains  or  deformations  as  horizontal 
abscissae,  we  get  the  following  diagram. 

The  complete  stress  strain  curve  is  given  in  Fig.  2. 

Specimen  ISTo.  2 of  Milo  Steel,  made  by  the  open  hearth  pro- 
cess, gave  the  following  results  in  tension: — 

Length  of  specimen, 24  inches. 

Diameter  of  specimen, 1.015  inches. 

Apparent  elastic  limit 27,000  pounds  per  square  inch. 

Ultimate  strength, 47,500  pounds  per  square  inch. 

Elongation  in  8 inches, 38.0% 
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Load. 

Stress  in  Pounds 
per  Square  Inch. 

Extensometer 

Readings. 

Elongation. 

0 

0 

.27135 

1000 

1237 

.27185 

.0005 

2000 

2474 

.27235 

.0010 

3000 

3711 

.27265 

.0013 

4000 

4948 

.27290 

.00155 

5000 

6185 

.27325 

.0019 

6000 

7422 

.27355 

.0022 

7000 

8659 

.27395 

.0026 

8000 

9896 

.27430 

.00295 

9000 

11133 

.2746 

.00325 

10000 

12370 

.2749 

.00355 

11000 

13607 

.2753 

.0039 

12000 

14844 

.2756 

.0043 

13000 

16081 

.27585 

.00455 

14000 

17318 

.27655 

.0049 

15000 

18555 

.27655 

.0052 

16000 

19792 

.2769 

.00555 
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Specimen  No.  3 mild  steel  made  by  the  Bessemer  process  gave 
the  following  results  in  tension: 

Length  of  specimen 24" 

Diameter  of  “ 1.0155 

Apparent  elastic  limit  29,500  pds.  per  sq.  in. 

Ultimate  strength  46,400  “ “ 


Elongation  in  8"  , 

Load. 

Stress  in  pds. 
per  sq.  iu. 

40% 

Micrometer 

Headings. 

Elongation. 

1000 

1229 

.5578 

.5581 

.0003 

2000 

2457 

.5586 

.0008 

3000 

3685 

.5591 

.0013 

4000 

4914 

.5595 

.0017 

5000 

6145 

.5599 

.0021 

6000 

7371 

.5602 

.0024 

7000 

8600 

.5606 

.0028 

8000 

9828 

.5609 

.0031 

9000 

11050 

.5612 

.0034 

10000 

12290 

.5616 

■ .0038 

11000 

13510 

.5620 

.0042 

12000 

14740 

.5624 

.0046 

13000 

15970 

.5627 

.0049 

14000 

17200 

.5629 

.0051 

15000 

18430 

.5632 

.0054 

Specimen  No.  4 of  machine  steel  gave  the  following  results  in 
tension: 


Length  of  specimen 


24  inches. 


Diameter  of  specimen  1.014 

Apparent  elastic  limit 

Ultimate  strength 100,600 

Elongation  in  8 inches 16.5% 


oad. 

Stress  in  Pounds 
per  Square  Inch. 

Extensometer 

Readings. 

Elongation 

1,000 

1273 

.3837 

2,000 

2547 

.3840 

!ooo3 

3,000 

3820 

.3844 

.0007 

4,000 

5093 

.3848 

.0011 

5,000 

6366 

.3852 

.0015 

6,000 

7640 

.3856 

.0019 

7,000 

8913 

, .3860 

.0023 

8,000 

10190 

.3864 

.0027 

9,000 

11460 

.3868 

.0031 

10,000 

12730 

.3872 

.0035 

11,000 

14010 

.3876 

.0039 

12,000 

15280 

.3879 

.0042 

13,000 

16550 

.3883 

.0046 

14,000 

17830 

.3887 

.0050 

15,000 

19100 

.3890 

.0053 

16,000 

20370 

.3394 

.0057 

17,000 

21640 

.3897 

.0060 

18,000 

22920 

.3901 

.0064 

19,000 

24190 

.3904 

.0067 

20,000 

25470 

.3908 

.0071 
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Figure  3 is  the  stress  strain  diagram  of  specimens  Nos.  2^  3 and 
4:  within  the  elastic  limit.  Allowing  for  reasonable  errors  of  observa- 
tion, the  line  joining  the  plotted  points  is  a straight  line  showing 
conclusively  that  steel  is  within  these  limits  perfectly  elastic. 

Before  looking  at  the  classification  of  steel,  let  us  examine  very 
briefiy  its  composition  and  process  of  manufacture. 

Cast  iron,  as  you  will  remember,  is  a combination  of  frpm  2 to  6 
per  cent,  of  carbon  with  iron.  The  large  amount  of  carbon  deter- 
mines its  charasteristic  features  or  behaviour.  Wrought  iron  is 
the  product  resulting  from  the  removal  of  carbon  from  cast  iron. 
This  leaves  with  the  wrought  iron  such  impurities  as  sulphur  and 


phosphorus.  When  these  are  present  in  too  large  quantities  they 
render  the  iron  red  short  or  cold  short  respectively. 

Steel  is  a combination  of  iron  with  a percentage  of  carbon 
varying  from  minute  quantities  to  as  high  as  2%.  It  is  manu- 
factured in  the  three  following  ways,  viz. — 1.  By  adding  carbon  to 
wrought  iron — the  product  of  such  process  being  known  as  crucible 
steel.  2.  By  removing  carbon  from  cast  iron — the  product  of  this 
process  being  known  as  Bessemer  steel.  3.  By  melting  together 
cast  and  wrought  iron — ^the  product  of  this  process  being  known  as 
open  hearth  steel. 

Cast  iron  is  hard  and  brittle  and  can  be  moulded,  while  wrought 
iron  is  soft  and  ductile  and  can  be  welded.  Steel  is  unlike  wrought 
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iron  in  that  it  is  fnsible,  and  nnlike  cast  iron,  it  can  he  forged,  and 
with  the  exception  of  high  grades,  it  can  be  welded.  In  addition  to 
these  advantages  the  higher  grades  can  he  hardened  and  tempered. 

The  term  steel  is  applied  to  a class  of  materials  which  cover  a 
very  wide  range  of  properties.  One  particular  grade  may  be  soft 
and  ductile  while  another  is  quite  hard  and  brittle.  In  tensile 


strength  they  may  vary  from  40,000  to  200,000  pounds  per  square 
inch. 

It  is  now  customary  commercially  to  classify  steels  either  accord- 
ing to  their  properties  or  uses.  In  the  one  group  there  is  mild, 
medium  or  hard  steel,  while  the  other  classification  includes  rivet 
steel,  boiler  plate,  structural,  machine,  tool  and  spring  steel,  etc. 
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The  following  table  gives  a few  of  the  characteristic  physical 
properties  of  these  different  classes: — 

Rivet  steel  should  be  ductile  rather  than  strong  and  should 
have  an  ultimate  strength  of  40,000  to  55,000  pounds  per  square 
inch;  elastic  limit,  30,000  to  45,000  pounds  per  square  inch;  elonga- 
tion in  8"  =:  25  to  35%. 

Boiler  plate — Ultimate  strength  50,000  to  65,000  pounds  per 
square  inch;  elastic  limit,  30,000  to  45,000  pounds  per  square  inch; 
elongation  in  8"  = 25  to  30%. 

Structural  steel — Mild,  ultimate  strength  40,000  to  55,000 
pounds  per  square  inch;  elastic  limit,  25,000  to  43,000  pounds  per 
square  inch;  elongation  in  8"  = 25  to  35%. 

Medium — Ultimate  strength,  55,000  to  70,000  pounds  per 
square  inch;  elastic  limit,  35,000  to  45,000  pounds  per  square  inch; 
elongation  in  8"  = 20  to  25%. 

Machine  steel — Ultimate  strength,  80,000  to  110,o00  pounds 
per  square  inch;  elastic  limit,  55,000  to  70,000  pounds  per  square 
inch;  elongation  in  8". 

Tool  steel  and  spring  steel — Ultimate  strength,  120,000  to  200,- 
000  pounds  per  square  inch. 

The  standard  specifications  for  structural  steel  proposed  by  a 
committee  of  the  American  Society  of  Civil  Engineers  in  1896  is  as 
follows : 1 

Lbs  per  sq.  in. 

Tensile  strength  low  steel  60,000  + 4,000 
“ “ medium  65,000  + 4,000 

“ “ high  70,000  + 4,000 

Elastic  limit  55%  of  the  ultimate  strength  of  the  specimen. 
1,500,000 

Per  cent,  elongation  in  8 in.  = 

Ultimate 

2,800,000 

Per  cent,  reduction  of  area  = 

Ultimate 

Rivet  steel  when  heated  to  a low  cherry-red  and  quenched  in 
water  at  82°  Eahr.,  must  bend  to  close  contact  without  sign  of  frac- 
ture. Specimens  of  low  steel  when  treated  and  tested  in  the  same 
manner  must  stand  bending  180°  to  a curve  whose  inner  radius  is 
• equal  to  the  thickness  of  the  speimen,  without  sign  of  fracture. 
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Specimens  of  medium  steel  as  cut  from  the  bars  or  plates  and 
without  quenching,  must  stand  bending  180°  to  an  inner  radius  of 
1-J  times  the  thickness  of  the  specimen,  without  sign  of  fracture. 
While  those  of  high  steel,  also  without  quenching,  must  stand  bend- 
ing 180°  to  a radius  of  twice  the  thickness  of  the  specimen  without 
sign  of  fracture. 

In  connection  with  the  latter  part  of  this  specification,  the  fol- 
lowing test  may  he  interesting  and  instructive. 

Two  specimens,  one  of  mild  open  hearth  and  the  other  of 
machine  steel,  were  heated  to  a cherry-red,  quenched  with  water  and 
tested  with  the  following  results : 

Ultimate  strength  Elastic  limit  Elongation 

pds.  per  sq.  in.  pds.  per  sq.  in.  in.  8" 

Mild  steel 47,200  ..27,200 38.5% 

Mild  steel  hardened 62,200 43,000 broke  in  strips 

Machine  steel 83,900 55,600 21% 

do  hardened  106,000  . .60,500 2% 

While  almost  every  specification  mentions  maximum  and  mini- 
mum tensile  strengths,  it  is  very  seldom  that  mention  is  ever  made 
of  the  compressive  strength,  although  the  material  is  used  quite  as 
frequently  in  compression  as  in  tension.  This  is  because  the  ulti- 
mate strength,  elastic  limit  and  deformation  or  strain  are  more 
readily  determined  in  tension  than  in  compression,  and  because  the 
results  in  tension  are  the  same  as  those  in  compression. 

Under  a uniformly  increasing  load  steel  in  compression  con- 
tracts uniformly  within  the  elastic  limit,  which  fortunately  is  the 
same  as  that  for  tension.  When  the  load  increases  beyond  the 
elastic  limit  the  material  simply  spreads  and  increases  the  area  of 
its  cross-section  indefinitely,  so  that  in  compression  steel  has  no 
ultimate  strength.  This  is  well  illustrated  in  the  following  speci- 
mens, originally  2 inches  long,  which  were  subjected  to  a load  of 
170,000  pounds  each. 

Specimens  numbered  1,  2,  and  3,  are  wrought  iron,  made  in 
Sweden,  England  and  Ontario  respectively;  while  numbers  4,  5,  and 
6 are  mild  steel  open  hearth,  mild  steel  Bessemer,  and  machine  steel. 
Those  specimens  which  are  cracked  open  or  are  etched  show  very 
clearly  the  flow  of  the  material  under  the  stress. 
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The  stress  strain  diagram  for  steel  in  compression  when  the 
stress  is  determined  by  dividing  the  load  by  the  original  cross- 
sectional  area  is  as  indicated  in  the  annexed  diagram,  Fig.  4. 

These  compressive  tests  were  made  on  a Eiehle  200,000  pounds 
machine,  and  as  the  screws  were  kept  running  at  a uniform  rate,  a 


set  of  readings  of  the  times  required  to  produce  the  stresses  were 
registered  on  a chronograph  simultaneously  with  the  measurements 
of  the  deformation  or  strain.  On  plotting  from  these  results  the 
stress  strain  curve  and  the  stress  time  curve,  it  is  found  that  they 
were  identical  when  the  scales  correspond. 


S.P.S. 
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BRIDGE  FOUNDATIONS  AND  ABUTMENTS. 


J.  Herbert  Jackson,  O.L.S.,  ^03. 


The  information  for  the  following  paper  was  gathered  last  sum- 
mer from  work  on  which  the  writer  was  assistant  in  charge  under 
C.  H.  Mitchell,  C.E.  It  is  intended  as  a descriptive  paper,  only  such 
technical  questions  being  taken  up  as  are  thought  to  he  of  interest 
to  those  unfamiliar  with  this  class  of  construction. 

The  work  comprised  the  building  of  two  highway  bridges  to  re- 
place' old  ones  over  the  Welland  River,  at  points  five  and  eight  miles 
respectively  above  the  town  of  Welland.  The  contractor  under- 
took to  remove  the  existent  structures  and  erect  others  as  per  plans 
adopted.  The  cost  of  each  bridge  complete  was  $6,000.  This  in- 
cluded all  work  necessary  to  make  the  highway  passable  and  ready 
for  use  by  the  public. 

Looking  at  the  problem  from  an  engineering  point  of  view,  it 
resolved  itself  into  designing  a bridge  for  general  highway  use  which 
W'ould  clear  the  stream  in  a single  span.  This  length  proved  to  he 
134  feet  from  centre  to  centre  of  end  pins.  The  approaches  were 
to  he  earth  embankments  with  the  surface  macadamized  for  a dis- 
tance of  200  feet  in  each  direction.  The  conditions  of  the  soil,  etc., 
on  the  sites  of  the  bridges  were  found  to  he  precisely  similar,  as  was 
also  the  length  of  span,  so  that  the  twO'  bridges  could  be  built  from 
practically  the  same  set  of  plans.  At  the  points  selected  the  banks 
of  the  Welland  are  of  a soft,  black,  porous  earth  on  top  of  plastic  clay, 
and  in  no  way  capable  of  sustaining  a load  except  by  piling  for  the 
foundations. 

iThe  stream  is  very  sluggish,  even  running  back  on  itself  when 
the  waters  of  the  Niagara  River  are  high.  This  seemed  to  comprise 
the  total  of  the  information  at  hand. 

From  these  facts  it  was  decided  to  put  in  a steel  superstructure 
with  abutments  of  concrete.  ' 


BRIDGE  FOUNDATIONS  AND  ABUTMENTS. 


115 


PILE  DRIVING. 

The  question  which  now  came  np  was  the  number,  spacing,  etc., 
of  the  piles,  and  was  worked  out  as  follows: — The  bridge  selected 
was  one  of  16  foot  roadway  and  was  to  withstand  a dead  load  of  600 
Ihs.  per  lineal  foot,  and  a live  load  of  1,200  Ihs.  per  lineal  foot.  The 
weight  of  bridge  designed  for  these  loads  was  132  tons,  or  61  tons 
weight  to  each  abutment.  The  form  of  abutment  gave  a content  of 
90  cubic  yards.  This  amount  of  concrete,  at  an  average  of  4,000 
lbs.  per  cubic  yard,  made  the  weight  of  an  abutment  180  tons.  To 
this  was  added  36  tons  for  transferred  earth  pressure  and  miscel- 
laneous load.  Thus  the  load  for  each  abutment  was: — 


Superstructure 61  tons. 

Content  of  abutment 180  tons. 

Miscellaneous  • 36  tons. 


Total 277  tons. 


To  support  this  it  was  thought  that  thirty-seven  piles  would  be 
sufficient,  and  assuming  the  load  to  be  uniformly  distributed  each 
pile  had  a load  of  7.5  tons. 

The  formula  for  driving  the  piles  was  taken  from,  the  Engineer- 
ing News. 

j 2 Wh 

~s  + l. 

Where  L=safe  load  in  lbs. 

W=:weight  of  hammer  in  lbs. 

h=fall  of  hammer  in  feet. 

S=penetration  in  inches  at  last  blow. 

In  using  this  a factor  of  safety  of  4 was  assumed. 

The  safe  load  on  each  pile  was  then  7.5X4=30  tons=60,000  lbs. 

The  weight  of  hammer  used  was  2,600  lbs.,  and  the  fall  was 
30  feet. 

To  find  S. 

60000  = or  S 1 6 inches. 

S + 1 

In  the  specifications,  1.5  inches  was  the  maximum  penetration 
allowed  at  the  last  blow. 

In  construction  it  was  found  that  on  both  abutments  of  one  of 
the  bridges  the  centre  piles  gave  a greater  penetration  than  the 
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above,  and  it  was  necessary  to  add  eight  supplementary  piles  to  each 
in  order  to  come  np  to  requirements.  These  were  necessary  by 
reason  of  the  clay  being  much  less  solid  than  was  anticipated  from 
tests. 

The  addition  of  the  eight  piles  made  the  strength  ample  for  the 
weight  to  be  sustained. 

The  driving  of  the  piles  was  accomplished  by  sinking  a coffer- 
dam about  the  space  to  be  occupied  and  pumping  out,  when  the 
usual  method  of  drop  hammer  was  used.  The  piles  were  banded  to 
prevent  brooming  at  the  ends. 

GRILLAGE  AND  PLATFORM. 

On  the  top  of  piles  sawed  off  true  and  level  at  two  feet  below 
low  water  mark  was  built  a grillage  of  sound  white  oak  timbers. 
These  were  10  x 12  and  had  a full  bearing  on  each  pile  and  drift 
bolted  with  f-inch  bolts  with  upset  heads,  driven  flush.  The  grill- 
age timbers  supported  a platform  of  white  oak  5 inches  thick.  This 
was  kept  dry  by  the  coffer-dam,  which,  being  left  in  place,  also  acted 
as  a protection  after  completion. 

CONCRETE. 

The  concrete  was  laid  on  these  platforms  in  molds  built  to  the 
form  of  the  abutment.  The  composition  of  the  concrete  for  the 
interior  of  the  abutments  was  in  the  proportion  of  1 cement,  2.5 
sand,  5 broken  stone.  The  proportions  for  the  weather  surface  to 
a depth  of  6"  was  1 cement,  2 sand,  4 broken  stone. 

The  forms  for  the  concrete  were  held  perfectly  solid  by  means 
of  rows  of  wires  placed  in  at  every  three  or  four  layers  of  concrete 
and  fastened  to  the  outside  of  the  form.  In  this  way,  when  one  side 
of  the  form  was  made  solid  the  other  could  not  move.  In  removing 
these  forms  it  was  only  necessary  to  cut  the  wires,  leaving  them  in 
after  trimming  off  the  ends.  All  corners  and  angles  were  bevelled 
so  as  to  give  the  finished  abutment  a neat  appearance. 

In  mixing  it  was  required  that  the  cement  and  sand  should  be 
mixed  dry  and  then  water  added.  Finally  the  stone,  which  had  been 
previously  wetted,  was  added,  and  the  whole  thoroughly  mixed. 

This  concrete  was  placed  in  8"  layers;  in  placing  the  concrete  in 
the  forms  the  weather  surface  was  mixed  and  thrown  in  close  to  the 
mold  from  the  platform  above.  In  this  way  the  mass  was  pretty 
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well  compacted  on  reaching  its  position.  This  was  done  all  ronnd 
the  edge  and  raked  to  a comparatively  even  surface.  The  interior 
portion  was  now  added  to  the  height  of  the  weather  surface,  and  the 
whole  was  thoroughly  tamped  and  compacted.  Layer  after  layer 
was  added  in  this  manner  till  the  whole  was  completed.  Just  at 
the  surface,  bridge-seats  of  limestone  were  set  for  the  truss  hearing 
of  the  superstructure. 

Great  care  had  to  be  exercised  to  keep  the  whole  mass  of  each 
abutment  from  slightly  moving  out  of  alignment,  and  the  forms  had 
to  be  checKed  on  permanent  plugs  set  on  the  bank  at  some  distance 
back.  As  a final  precaution,  when  one  abutment  was  complete  the 
forms  of  the  opposite  one  were  checked  on  it  so  that  if  by  any  pos- 
sibility it  had  shifted,  the  second  one  might  be  made  parallel  to  it, 
aud  thus  we  avoided  trouble  when  the  steel  work  was  to  be  set. 

APPROACHES. 

The  approaches  were  built  on  an  easy  grade  up  to  the  bridge 
roadway  and  had  side  slopes  of  114  horizontal  to  1 vertical.  The 
surface  was  of  limestone,  well  compacted,  to  form  a solid  pavement, 
and  brought  to  a true  grade. 

The  posts  of  the  fencing  along  the  sides  of  the  approaches  were 
prevented  from  leaning  by  a wire  placed  under  the  macadam  and 
tightly  twisted. 

The  superstructure  was  finally  erected  when  the  abutments 
were  completed.  To  temporarily  support  this  a net  work  of  piles 
and  false  work  was  erected  across  the  stream  and  removed  again  on 
the  completion  of  the  bridge. 


THE  COLLEGE  GRADUATE  AND  HIS  SPECIALTY. 


C.  H.  Mitchell,  B.A.  Sc.,  O.E. 


[The  writer  has  been  requested  to  prepare  a paper  on  this  subject  in  the  hope 
that  it  may  prove  of  service  to  students  and  graduates  upon  leaving  college.  The 
desire  being  to  refer  more  particularly  to  Hydraulic  Engineering,  this  specialty 
has  been  followed,  but  the  general  principles  outlined  would  be  quite  applicable  for 
other  branches  of  the  profession.] 

Not  until  quite  recent  years  lias  the  true  place  of  a scientific 
school  begun  to  he  assigned  in  the  education  pf  the  young  engineer. 
While  a quarter  of  a century  ago  it  was  generally  admitted  that  edu- 
cation in  an  engineering  school  was  good,  hut  not  a necessity,  it  has 
come  of  late  to  he  generally  considered  an  indispensable  factor  in  the 
education  of  the  engineer.  This  is  so,  not  only  in  Canada,  hut 
throughout  all  other  countries,  where,  during  the  past  few  decades, 
the  industrial  activity  has  been  very  marked. 

Previously  the  early  education  of  the  engineer,  in  whatever 
branch  he  might  select,  was  planned  out  for  him,  leading  through 
long  terms  of  pupilage  in  engineer  offices,  gaining  experience  through 
the  different  steps  of  the  work  in  the  specialty  or  group  of  specialties 
to  which  he  gave  attention.  The  place  of  the  school  or  college  in 
this  course  of  training  was  more  to  serve  as  providing  the  necessary 
foundation  of  general  education,  as  distinguished  from  a scientific 
education,  and  the  student  was  expected  to  derive  his  scientific  attain- 
ment in  a large  measure  from  his  experience  and  association  with  his 
comrades  and  superiors  engaged  in  his  engineering  work,  doing  so 
by  some  means  of  absorption  and  example  perhaps,  more  than  by 
special  devotion  to  study  and  research.  The  result  of  this  has  been 
the  production  of  the  famous  engineers  of  experience  who  have 
brought  us  to  the  modern  civilization,  who  have  learned  at  nature’s 
school,  by  nature’s  hand,  by  success  and  failure.  These  are  the 
men  who  have  enabled  our  modern  schools  to  adapt  the  actual  theory 
and  the  underlying  scientific  principles  to  the  real  work,  its  design, 
and  construction. 

Of  latter  years,  however,  the  process  of  education  has  been 
different,  and  the  school  or  college  has  taken  a very  prominent  part. 
The  school  has  supplied  not  only  the  general  education,  but  the 
foundation,  and,  in  some  cases,  a considerable  portion  of  the  techni- 
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cal  education.  Many  of  the  leading  schools  have,  of  latter  years, 
nlso  provided  a means  of  specializing  in  the  engineering  education, 
thus  providing  a means  for  the  student  to  acquaint  himself  with  not 
•only  the  theoretical  but  also  with  much  of  the  practical  work  of  his 
chosen  specialty.  It  does  not  follow,  however,  that  the  student 
graduating  from  a college  in  one  of  these  engineering  specialties  can 
by  any  means  be  termed  an  expert,  although  there  are  some  well 
known  institutions  which  go  so  far  as  to  lay  claim  to  the  distinction 
of  graduating  its  students  as  Engineers  in  the  full  acceptation  of 
the  term.  The  writer  believes  that  the  principles  laid  down  in  con- 
nection with  the  School  of  Practical  Science  and  Toronto  University, 
with  reference  to  the  engineering  courses,  meet  the  modern  condi- 
tions in  an  eminently  satisfactory  manner.  The  school  does  not 
pretend  to  do  more  than  prepare  the  student  in  his  theory  and  appli- 
cation of  the  theory,  to  teach  him  to  study  and  pursue  research,  and, 
to  a certain  degree,  make  him  immediately  useful  when  he  com- 
mences actual  professional  work.^^  Most  engineering  works,  for  the 
design  and  construction  of  which  students  are  fitted,  are  such  that 
their  magnitude  and  general  nature  render  it  impossible  to  study 
them  in  such  a manner  as  is  possible  to  students  in  other  professions. 
Many  colleges  meet  this  by  arranging  excursions  and  tours  of  inspec- 
tion to  interesting  engineering  works,  either  built  or  under  construc- 
tion. These,  however,  cannot  be  classed  as  anything  but  object 
lessons,  and  while  valuable  as  such,  do  not  permit  of  that  close 
insight  into  methods  and  design  of  detail  which  would  be  so  valuable 
to  the  young  student.  This  applies  primarily  to  engineering  works 
•of  large  magnitude,  but  almost  equally  so  to  works  of  easier  access, 
particularly  of  a mechanical  nature,  because  of  the  inability  of  the 
student  to  get  to  the  true  inwardness  of  the  work  in  the  short  time 
usually  at  his  disposal.  The  Toronto  courses  do  not  follow  this  plan, 
but  prescribe  a much  better  means  by  encouraging  the  student  to 
•employ  his  vacation  periods  in  actual  engineering  service  under  what 
may  be  termed  actual  working  conditions,^^  and  in  this  way  at  once 
render  him  in  touch  with  the  professional  life.  Carrying  this  still 
further,  he  is  told,  after  ordinary  graduation,  to  go  out  into  the  pro- 
fessional world,  having  behind  him  his  college  or  academic  career 
with  its  primary  scientific  education,  and  its  mere  elements  of 
preparation,  and  work  with  those  who  are  designing  and  construct- 
ing, learning  all  he  can  as  well  as  he  can.  After  three  years  of  this 
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active  life  under  working  conditions,  he  is  told  to  come  back  with 
his  record,  and  the  University  is  then  prepared  to  call  him  an 
Engineer. 

The  value  of  this  programme  of  education  is  but  partly  appre- 
ciated by  the  under-graduate  in  his  early  days  at  the  college,  nor  is^ 
it  to  be  expected  that  he  should  see  it  as  do  the  older  and  experienced 
engineers  who  have,  perhaps,  learned  their  work  without  the  ad- 
vantage of  the  college  education.  The  young  man,  upon  graduation, 
has  learned  many  of  the  things  which  the  early  engineer  learned 
after  years  of  experience,  and  has  probably  become  in  a few  years 
much  more  conversant  with  his  theory  and  principles  than  the  older 
man,  but  he  has  still  to  learn  those  things  which  the  latter  learned 
in  his  first  six  months.  He  has  been  taught  to  think  and  to  reason, 
but  he  has  yet  to  learn  to  work  and  to  work  hard,  and  incidentally 
to  compute,  design  and  superintend,  to  meet  emergency,  to  become- 
a friend  and  a master  of  nature  and  her  laws,  and  above  all,  to  know 
men. 

It  is  upon  graduation  that  specialization  usually  manifests  itself, 
although  in  the  college  course  the  election  of  studies  may  have 
already  determined  it.  However,  in  most  cases  the  nature  of  the 
first  few  years  out  of  college  has  all  to  do  with  the  future  line  of 
w'ork  and  may  be  considered  to  mould  the  taste  or  the  talent  of  the 
graduate  to  this  particular  direction.  It  is  at  this  time,  perhaps,, 
more  than  at  any  other,  that  this  adaptability  of  the  student  to  a 
particular  line  of  engineering  becomes  apparent.  All  the  professions 
have  of  recent  years  tended  towards  a division  into  specialties  and 
the  modern  life  is  made  up  of  the  work  of  the  expert  to  such  an 
extent  that  even  specialists  employ  other  specialists  on  their  work. 
This  is  equally  true  of  the  engineering  profession,  and  on  all  large 
works  the  desisfners  and  constructors  are,  in  reality,  a group  or  staff 
of  experts  in  the  several  departments. 

Some  specialists  have  for  many  years  formed  distinct  branches 
of  engineering,  and  many  of  these  have  of  late  again  been  subdivided 
into  others,  each  having  its  followers.  That  of  hydraulic  engineer- 
ing has  existed  for  many  years  and  has  passed  through  many  phases 
of  interpretation.  Hew  lines  of  work  have  been  added  to  it,  and 
others  have  been  removed,  as  for  instance,  that  of  sewerage,  drainage, 
water  works  construction,  etc.,  wnich  are  now  usually  classed  with 
sanitary  or  municipal  engineering,  a new  group.  Of  late  years,  and 
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particularly  during  the  past  decade,  hydraulic  engineering  held  a 
somewhat  unique  position  and  has  consequently  come  to  mean  not 
only  canal,  river  and  harbour  construction,  with  kindred  works,  as 
before,  but  water  power  development  in  all  its  branches.  In  the 
latter,  such  work  in  turn  frequently  calls  for  the  employment  of 
many  other  experts  or  special  specialists,  comprising  mechanical^, 
electrical,  architectural,  mining  and  sometimes  chemical,  engineers 
in  the  varied  classes  of  work  required  in  water  power  construction 
for  different  purposes. 

It  is  manifestly  impossible,  therefore,  for  the  young  graduate 
who  desires  to  enter  the  field  of  hydraulic  engineering,  having  in 
view  the  specialty  of  water  power  construction,  to  take  it  up  as  a 
single  study  in  the  same  manner  as  one  would  many  other  lines.  It 
is  further  evident  that  he  must  immediately  upon  leaving  college, 
seek  employment  on  works  which  will  quickly  put  him  in  touch  with 
this  branch  of  the  work.  In  this  department  of  engineering,  per- 
haps, more  than  any  other,  should  the  student  follow  the  school  of 
experience,  outlined  as  being  that  in  vogue  before  the  days  of  the 
science  school.  It  is  only  in  this  method  of  getting  out  into  the 
actual  work,  that  hydraulic  engineering  can  be  studied,  for  the 
dearth  of  literature  upon  the  subject  is  very  marked.  Water  power 
engineering  in  reality  is  a very  new  line,  and  previous  to,  say,,  twenty- 
five  years  ago,  it  was  studied  by  scientific  men  to  but  a small  extent. 
jSTo  doubt  the  perfecting  of  long  distance  electric  transmission  has, 
within  recent  years,  brought  the  whole  question  very  strongly  before 
the  engineering  profession,  and  electricity  and  hydraulic  work  are 
now  destined  to  be  grouped  definitely  together.  Owing  to  the  recent 
growth  of  this  branch,  the  literature  on  water  power  questions  is 
nearly  all  in  magazine  and  periodical  form,  while  the  manufacturers 
of  machinery  are  adding  quickly  to  it  by  advertising  matter,  in  the 
form  of  experimental  research. 

The  writer  would  advise  graduates  of  the  School  of  Practical 
Science,  desirous  of  following  this  line,  to  obtain  employment  in,  or 
at  any  rate  to  visit  and  carefully  examine  designs,  methods  of  con- 
struction and  operation  at  water  power  centres,  not  only  in  Canada 
and  the  United  States,  but  if  possible  in  Europe.  America,  while  not 
in  the  lead  in  research  in  this  branch  of  engineering,  is  doubtless 
destined  to  become  essentially  a water  power  or  hydro-electric  power 
using  continent.  Already  hydraulic  enterprise  is  far  beyond  that  of  the 
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old  world,  and  Canada,  on  account  of  her  vast  power  resource,  is  not 
to  be  by  any  means  behind  in  this  progress.  It  is  to  Switzerland, 
Italy  and  Germany,  however,  that  even  yet  we  have  to  look  for  the 
lead  in  real  scientific  work,  particularly  under  high  heads.  Nearer 
at  home,  however,  the  student  should  he  acquainted  with  the  char- 
acteristics of  the  rivers,  watersheds,  falls,  and  physical  features,  the 
methods  of  development,  the  conditions  of  operation  and  mainten- 
ance, and  of  the  available  markets  for  power  generated,  existing  in 
the  locality  of  each  power  centre.  Grouped  roughly,  these  centres 
might  be  said  to  comprise,  in  Canada : British  Columbia,  New  Ontario, 
the  “ Soo,^^  Niagara  Falls,  St  Lawrence  and  Ottawa,  Quebec,  and  as 
yet,  to  a small  extent,  several  centres  in  the  Maritime  Provinces.  In 
the  IJnited  States  are  Massachusetts  and  Connecticut,  which  are 
probably  pioneers.  New  York  State,  with  Niagara  Falls  and  the 
Adirondacks,  Minneapolis,  Colorado,  Montana  and  California,  where 
the  boldest  transmission  work  has  been  attempted,  and  a few 
scattered  centres  in  the  south.  All  of  these  have  their  own  distinct 
features,  and  each  forms  a special  study  in  problems  of  high  or  low 
heads,  large  units,  floods,  ice,  and  cold  weather  conditions,  trans- 
mission or  peculiarity  of  -use. 

The  course  to  be  followed  by  a student  is  plainly  to  gain  experi- 
ence by  close  association  with  power  construction  in  several  of  these 
centres,  and  particularly  in  the  designing  and  erection  of  new  pro- 
positions if  possible.  The  graduate  from  college  could  expect  to 
first  obtain  employment  at  tracing,  or  other  subordinate  work  at 
which  he  must  some  time  start,  and  if  ability  is  displayed,  it  will  be 
but  a short  time  before  he  may  assist  in  design  of  details,  or  if  his 
inclinations  are  such,  he  may  get  out  on  the  work  as  a field  man 
or  superintendent  of  construction.  From  this  work  his  real  experi- 
ence will  date,  and  his  value  as  a specialist  increase  with  time.  If 
he  applies  himself  to  become  thoroughly  acquainted  with  all  the 
details  of  the  work  from  design  to  operation,  he  should  become  very 
valuable  in  his  one  branch,  commandino-  high  remuneration,  and  not 
requiring  to  seek  his  employment. 

To  conclude,  there  is  but  one  school,  and  that  is  experience, 
and  but  one  master,  and  that  is  nature.  The  student,  though  he  be 
first  man  in  his  year  at  college,  must  expect  to  start  the  humblest 
scholar,  but  after,  with  opportunity  and  energy,  he  may  hope  to  earn 
rapid  promotion  with  golden  opinions  for  himself  and  his  work. 
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Chief  Engineer  of  the  Trent  Canal,  in  kindly  permitting  the  writing  of  this  paper, 
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PRELIMINARY. 

The  hydraulic  lift  lock  on  the  Trent  Canal  has  been  considered 
worthy  of  a special  paper  owing  to  the  fact  that  it  is  not  only  the 
only  one  of  its  kind  on  the  American  continent,  but  also  because  it 
surpasses  in  capacity  and  in  height  of  lift  anything  of  its  type  that 
has  hitherto  been  attempted. 

In  order  to  get  a clear  idea  of  the  route  on  which  this  lock  is 
being  constructed,  it  might  be  well  to  state  that  the  Trent  water-way 
consists  of  a series  of  rivers  and  lakes  connected  by  artificial  canals. 
It  is  intended  to  form  a connecting  link  between  the  southern  end 
of  Georgian  Bay,  at  Midland  Harbour,  and  Trenton,  on  the  Bay  of 
Quinte,  leading  to  Lake  Ontario.  This  canal,  which  has  been  under 
contemplation  for  a great  number  of  years,  and  which  was  originally 
selected  by  the  Eoyal  Engineers  of  England  as  the  most  practicable 
route  between  the  upper  lakes  and  the  seaboard,  is  now  being  ex- 
peditiously pushed  forward  by  the  Government  of  the  Dominion  of 
Canada,  and  several  contracts  have  been  let  and  many  of  them  com- 
pleted during  the  last  six  years.  Of  the  the  total  length  of  203 
miles,  only  about  33  require  to  be  completed  to  furnish  navigation 
throughout  the  whole  distance. 

Leaving  Midland  Harbour,  where  there  is  a depth  of  water  of 
about  20  feet,  the  route  is  intended  to  pass  by  way  of  the  Eiver 
Severn  into  Lake  Simcoe,  this  part  of  it  as  yet  having  had  no  work 
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done  on  it.  From  Lake  Simcoe,  through  the  valley  of  the  Talbot  River, 
Balsam  Lake  is  reachefd,  and  from  here  access  is  had  to  a chain  of 
magnificent  lakes,  many  of  which  equal  in  grandeur  of  scenery  the 
Thousand  Islands.  Leaving  this  chain  of  lakes  the  route  enters 
the  River  Otonahee,  which  is  better  known  at  its  lower  end  as  the 
Trent,  passing  through  the  town  of  Peterborough  into  Rice  Lake 
and  thence  to  the  Bay  of  Quinte.  The  whole  of  the  route  passes 
through  a fertile  and  progressive  part  of  the  Province,  afid,  from  a 
local  point  of  view,  will  be  of  immense  benefit  to  the  inhabitants 
of  these  parts.  Many  towns  of  considerable  size  and  importance  are 
located  along  the  route.  The  chief  importance  of  the  water-way, 
however,  is  thought  to  be  its  value  for  barge  navigation,  per- 
mitting grain  from  the  west  to  be  brought  in  large  vessels  into 
Midland  Harbour,  here  breaking  bulk  and  unloading  it  into  barges, 
which  will  be  towed  in  lines  of  from  two  to  six  through  this  route 
down  .the  St.  Lawrence,  to  the  ocean  vessels  in  Montreal. 

The  works  of  the  canal  are  being  constructed  in  the  most  sub- 
stantial and  modern  manner.  The  locks,  with  the  exception  of 
three,  are  of  the  ordinary  type,  and  built  entirely  of  concrete;  some 
of  them  are  said  to  have  been  the  first  of  the  kind  in  Canada.  All 
the  bridges  are  of  steel,  and  very  little  timber  is  used  in  any  struc- 
ture above  water  level;  so  the  entire  work  is  carried  out  with  the 
idea  of  nomplete  /permanency.  The  hydraulic  lock,  with  which 
we  chiefly  deal,  is  located  in  a section  of  four  males  of  the  canal 
which  is  built  to  overcome  the  obstructions  to  navigation  found  in 
the  River  Otonabee  where  it  passes  the  town  of  Peterborough  and 
wFere  there  are  many  water  powers  in  use  for  manufacturing  pur- 
poses. The  total  difference  in  elevation  in  this  section  is  77  feet. 
After  leaving  the  river  at  the  upper  end  about  three  miles  and  a 
half  of  canal  is  formed  by  short  lengths  of  excavation  and  natural 
valleys  until  a slope  of  a hill  is  reached,  where  a difference  in  eleva- 
tion of  65  feet  is  found  in  a distance  of  about  800  feet.  Here  the 
liydraulic  lock  is  located  and  the  difference  in  height  overcome  in 
one  lockage.  About  a quarter  of  a mile  further  along  the  route 
has  been  built  a lock  of  the  ordinary  type,  which  leads  again  into 
the  natural  water. 

The  hydraulic  lift  lock  is,  theoretically,  an  automatic  machine, 
and  is  devised  to  take  the  place  of  the  ordinary  lock,  where  great 
differences  in  elevation  are  found  in  a comparatively  short  distance. 
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The  first  lock  of  this  type  was  built  by  the  inventor,  Mr.  Edwin 
Clark,  of  Clai^k  & Standfield,  Hydraulic  Engineers,  London,  Eng- 
land, about  the  year  1872,  in  England,  at  Anderton,  on  the  River 
Weaver,  to  connect  the  Trent  and  Mersey  canals.  While  it  differs 
somewhat  in  some  particulars  from  the  two  other  locks  since  con- 
structed, it  has  answered  its  purpose  admirably  and  has  given  no 
trouble.  The  same  gentleman  has  also  built,  or  has  been  connected 
with  the  building  of,  a lock  of  much  larger  dimensions  at  Les 
Eontinettes,  in  France,  and  at  La  Louviere,  in  Belgium.  The  Bel- 
gian Government  has  at  present  in  some  stage  of  construction  four 
other  locks  of  the  same  type.  The  chief  dimensions  of  the  Anderton 
lock  are:  lift,  50  feet;  length  of  chambers,  75  feet;  width,  15J  feet. 
The  two  locks  already  built  on  the  continent,  as  well  as  those  con- 
templated, have  a lift  of  about  50  feet,  with  chambers  140  feet 
long,  19  feet  wide,  with  7 feet  10  inches  normal  depth  of  water. 

With  this  contrivance  a lockage  is  performed  by  the  vessel  float- 
ing into  a box  or  tank  of  water  which  can  be  shut  off  from  the  adja- 
cent reach.  The  box,  with  the  water  and  the  floating  vessel,  is  then 
raised  or  lowered  to  the  other  reach,  with  which  communication  can 
also  be  made.  The  power  required  to  control  the  lowering,  or  to 
accomplish  the  raising,  is  obtained  by  having  a similar  box  con- 
nected with  the  other  and  balancing  it.  Each  of  the  boxes  is  carried 
on  the  top  of  a ram  working  in  a hydraulic  press.  The  two  presses 
are  filled  with  water  and  are  connected  by  a pipe.  The  rams  are 
arranged  so  that  when  one  is  up  the  other  is  down.  The  uppermost 
box  is  made  heavier  than  the  other.  When  a valve  on  the  connect- 
ing pipe  is  opened  the  heavier  box  in  descending  forces  down  its 
ram,  displacing  the  water  from  its  press  into  the  other  press,  making 
the  ram  protrude  and  carrying  the  lighter  box  up  with  it. 

The  manner  of  constructing  the  Canadian  lock  varies  materially 
from  those  already  built  in  about  the  same  way  that  American  prac- 
tice varies  from  European,  and  so  far  as  outward  appearance  is  con- 
cerned, when  the  present  work  is  finished,  there  will  be  little  simi- 
larity, although  the  principles  necessarily  remain  the  same. 

THE  SUBSTRUCTURE. 

As  has  been  stated,  the  lock  is  located  on  a gradual  slope.  The 
excavation  was  begun  in  1896.  The  exact  point  of  location  was 
chosen  so  that  an  average  depth  of  excavation  of  about  40  feet  was 
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required,  and  the  material  thus  obtained  was  used  in  forming 
embankment  to  complete  the  length  of  the  upper  reach.  The 
remainder  of  the  material  required  to  finish  this  embankment  was 
obtained  from  the  earth  cutting  above  the  lock. 

The  excavated  material  was  found  to  be  of  a hard  clay  mixed 
with  small  stones  and  boulders  underlying  a thin  layer  of  fertile 
soil.  At  the  northern  end  of  the  excavation,  where  it  was  a little 
the  deeper,  a small  amount  of  hard-pan  was  encountered,  and  below 
this  a shaly  lime-stone  rock.  This  rock  was  in  layers  of  from  half 
an  inch  to  eight  inches  in  thickness,  between  which  were  thinner 
layers  of  clayey  and  shaly  material.  The  layers  of  rock,  which  are 
of  crystalline  structure,  stand  the  weather  very  well,  but  the  shaly 
parts  disintegrate  very  rapidly  under  the  action  of  rain  and  frost. 

The  elevation  at  which  this  rock  was  found  proved  to  be  an 
exceedingly  fortunate  one,  requiring  as  it  did  very  little  expensive 
excavation,  and  at  the  same  time  providing  an  excellent  foundation 
for  the  heavy  substructure  and  saving  much  concrete  that  would 
otherwise  have  been  required  for  footings.  It  might  also  be  added 
that  the  discovery  of  the  rock  was  a pleasant  surprise,  as  many 
common  wells  had  been  sunk  in  the  neighbourhood  to  considerable 
depths  without  having  encountered  rock,  and  the  borings  made  on 
the  site  had  not  been  sufficiently  extensive  to  discover  it.  The  pre- 
liminary plans  were  prepared  for  establishing  the  substructure  on 
earth.  Before  the  work  had  progressed  to  any  extent,  however, 
extensive  borings  were  made  to  determine  the  character  of  the  under- 
lying strata,  in  order  that  the  contract  for  the  wells,  in  which  the 
large  presses  stand,  might  be  let  with  some  degree  of  certainty. 
One  of  the  borings  was  made  by  a small  horse-power  machine  to  a 
depth  of  about  130  feet  below  the  surface  of  the  ground,  and  accurate 
notes,  which  have  proven  themselves  correct  in  the  work  which  has 
since  been  completed,  were  made  as  the  borings  progressed.  The 
rock  was  also  a decided  advantage  for  the  construction  of  the  wells, 
which  were  about  80  feet  deep.  Its  nature  permitted  it  to  be 
blasted  and  excavated  with  comparative  ease,  and  no  difficulty  what- 
ever was  Experienced  in  making  an  excellent  job  of  the  excavation 
at  a very  small  cost. 

The  foundations  in  the  wells  require,  as  will  be  seen  from  what 
has  been  already  said  concerning  the  principle  of  the  operation  of 
the  lift,  that  the  utmost  care  be  exercised  in  order  that  there  shall 


HYDRAULIC  LIFT  LOCK  ON  THE  TRENT  CANAL. 


129 


1)6  no  failure  at  this  place,  the  total  weight  of  the  lock  chamber, 
i^rith  its  burden,  having  to  be  supported  on  the  comparatively  small 
base  which  the  well  affords.  Here  again  the  rock  proved  of  great 
value.  The  total  load  at  the  bottom  of  the  presses  is,  in  round 
numbers,  2,000  tons,  a rather  heavy  load  to  trust  on  so  small  an 
area  of  ordinary  masonry  foundation,  and  very  much  more  than  was 
■considered  advisable  to  put  upon  the  somewhat  poor  quality  of  lime- 
stone found  in  the  bottoms.  On  account  of  this  rather  excessive 
load  and  its  uneven  distribution  at  the  press  base,  it  was  decided  to 
■use  blocks  of  granite  so  arranged  as  to  distribute  the  pressure  uni- 
formly over  a sufficient  area  of  the  natural  rock  to  give  a bearing 
which  seemed  favourable  under  the  conditions,  and  further,  in  order 
that  not  the  slightest  risk  should  be  run  in  incurring  possible  acci- 
dent and  consequently  enormous  expense,  these  foundations  were 
dealt  with  liberally  and  more  expensive  stones  were  used  than  would 
probably  be  called  for  under  other  circumstances. 

The  courses  of  granite  were  specified  to  be  between  24  and  30 
inches  in  thickness,  and  some  of  the  stones  were  7 feet  6 inches 
square,  giving  a weight  (about  11  tons)  requiring  care  in  handling, 
and  affording  no  little  difficulties  in  the  way  of  setting  at  such  a 
great  depth  below  the  surface.  Three  courses  of  granite  have  been 
laid  and  finished  in  the  wells  and  a very  satisfactory  job  has  been 
;made.  The  design  of  these  foundations  will  be  seen  by  reference 
to  the  drawing  on  page  131. 

The  walls  of  the  wells  are  very  regular  and  reflect  credit  on  the 
in  an  in  charge  of  the  work.  By  judicious  arrangement  of  the 
charges  of  dynamite  and  blasting  very  little  divergence  was  made 
from  the  truly  cylindrical  form',  16  feet  6 inches  in  diameter,  which 
was  required  by  the  specification.  It  was  decided,  in  order  to  pre- 
vent the  disintegration  of  the  walls  of  the  wells,  to  line  the  sides  with 
concrete.  The  thickness  of  the  lining  is  sufficient  to  form  a finished 
diameter  of  14  feet  2 inches,  in  this  way  leaving  a clearance  all  round 
the  main  presses  of  3 feet.  It  is  not  necessary  that  this  lining  be 
wafer  tight,  although  it  is  believed  that  it  is  practically  so,  as  the 
wells  will  be  constantly  full  of  water  and  will  require  to  be  unwatered 
at  intervals  of  perhaps  five  years  for  inspection  purposes.  Adequate 
means  in  the  way  of  pumps  are  afforded  for  this  purpose.  In  put- 
ting these  linings  in,  the  water  was  perniitted  to  follow  up  the  con- 
crete work,  thus  relieving  the  pressure  of  any  leaks  through  the 
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rock  on  the  tender  mortar  balancing  it.  This  lining  is  carried 
np  to  the  top  of  the  wells  and  is  finished  at  the  fioor  of  the  lock^ 
chamber  pit. 

The  snbstrnctnre  of  the  lock  is  built  entirely  of  concrete  and 
contains  about  26,000  cubic  yards.  Of  this  amount  some  25,000* 
cubic  yards  are  already  placed.  The  work  has  been  carried  out 
according  to  the  working  general  plans  which  accompany  this  paper,, 
and  which  have  the  special  title  Masonry  and  are  numbered  1 to^ 
10.  The  substructure  may  be  divided  for  convenience  into  (a)  main 
or  breast  wall,  which  serves  the  purpose  of  a retaining  wall  for  the- 
upper  reach;  (b)  the  wings,  that  further  act  as  retaining  walls  in 
holding  the  side  embankments,  which  will  be  seen  by  reference  to* 
plan;  (c)  the  side  walls,  which  form  retaining  walls  for  the  earth 
along  the  sides  of  the  lock;  (d)  the  towers,  the  duty  of  which  is  to* 
maintain  the  lock  chambers  in  their  vertical  motion;  and  (e)  the 
lower  gateways  which  end  the  lower  reach.  ’All  the  walls  (excepting 
,the  wings)  form  a dry  pit,  or  rather  two  dry  pits,  into  which  the 
metal  lock-chambers  descend. 

The  main  wall  is  40  feet  in  thickness  and  about  80  feet  in 
height;  the  length  being  126  feet  at  the  base.  At  about  15  feet 
from  the  rock  surface  there  is  formed  for  convenience  a chamber  or 
room,  which  is  called  the  pump  room,  in  which  the  turbines  and 
pumps  are  installed.  This  room  is  12  feet  wide,  17  feet  high  and 
110  feet  long,  including  partitions  8 feet  in  thickness,  which  are 
intended  to  assist  in  taking  the  shear  through  the  otherwise  weak- 
ened cross-section  of  the  wall.  At  about  the  original  natural  sur- 
face of  the  ground  the  wall  is  pierced  longitudinally  by  a roadway,, 
which  will  form  a continuation  of  the  line  of  the  main  street  run- 
ning through  the  town  of  Peterborough,  giving  access  for  vehicles 
to  the  furthermost  side  of  the  canal  and  dispensing  with  the  ordi- 
nary swing  bridge.  This  roadway  is  14  feet  wide  and  21  feet  high. 
In  the  top  part  of  the  wall  are  formed  recesses  for  the  gates  which 
close  the  ends  of  the  upper  reach.  Access  is  provided  from  the  pump 
room  to  the  roadway  by  a staircase  formed  in  the  concrete  wall,, 
and  one  may  also  pass  from  the  roadway  to  the  upper  level  by  a 
spiral  iron  staircase  placed  in  a cylindrical  void  formed  in  the  con- 
crete. Viewed  from  the  side  nothing  of  the  main  wall  will  appear 
below  the  level  of  the  roadway.  On  this  elevation  an  attempt  has 


HYDRAULIC  LIFT  LOCK  ON  THE  TRENT  CANAL. 


131 


Press  Wells_  5calc,  5*=  I*. 


Plan  of  Granite  Foundation 


132 


HYDRAULIC  LIFT  LOCK  ON  THE  TRENT  CANAL. 


been  made  to  obtain  an  arcbitectnral  effect  by  mouldings  and 
pilasters. 

The  wings  are  situated,  as  will  be  seen  from  the  plans,  at  the 
uppermost  side  of  the  main  wall,  extending  55  feet  beyond  it. 
Their  form  may  best  be  seen  by  reference  to  the  plans.  They  are 
carried  down  to  the  rock  bottom  in  order  that  there  may  be  no  undue 
settlement  between  the  main  wall  and  the  wings  to  cause  unsightly 
cracks  on  the  face  and  awkward  breaks  on  the  top  surface.  At  the 
bottom  the  wings  are  only  40  feet  in  length,  the  full  55  feet  being 
made  up  by  cantilevering  out  15  feet  at  the  elevation  of  about  47 
feet  above  the  rock  level.  Considering  also  the  light  duty  which 
these  walls  are  called  upon  to  perform,  they  have  been  made  cellular 
in  construction.  Along  their  outer  sides  a stairway  is  carried  up 
as  a mean  of  access  from  the  roadway  level  to  that  of  the  upper  reach, 
and  the  mouldings  of  the  main  wall  are  continued  along  the  exposed 
sides  of  the  wings.  The  side  elevation  will  convey  very  little  idea 
of  the  differences  in  construction  of  these  two  parts  of  the  work, — 
the  main  wall  and  the  wings. 

The  side  walls,  as  it  has  been  said,  form  retaining  walls  for  the 
earth  along  the  sides  and  are  intended  to  maintain  the  lock-chamber 
pits  perfectly  dry.  These  walls  are  of  solid  section  and  present  no 
especial  features.  At  the  points  next  the  main  wall  stairways  are 
carried  up  from  the  level  of  the  lower  reach  to  that  of  the  roadway 
as  a convenient  means  of  access  from  one  to  the  other,  and  also  to 
provide  a sort  of  buttress  to  the  main  wall.  In  the  term,  side-walls, 
is  included  a wall  12  feet  in  width  extending  along  the  central  line 
of  the  construction  and  dividing  one  pit  from  the  other. 

The  towers,  three  in  number,  are  located  on  the  same  trans- 
verse centre  line  as  the  two  wells.  In  round  numbers  the  total 
. height  of  each  from  rock  bottom  to  the  top  is  100  feet.  Each  of 
the  side  towers  has  a base  29'  6"  x 40'  8",  which  decreases  somewhat 
at  the  elevation  of  the  top  of  the  side  walls.  Prom  this  upwards 
the  base  of  the  tower  is  battered  for  a continual  height  of  45  feet; 
and  above  this  the  shaft  on  all  sides  is  vertical  18'  x 18'  6".  For 
operating  purposes  it  is  necessary  to  build  the  inside  face  of  the 
tower  plumb  from  top  to  bottom.  The  central  tower  has  for  the 
same  reason  to  be  plumb  on  both  the  sides  next  the  chamber,  while 
its  other  two  sides  conform  to  the  same  lines  as  those  of  the  side 
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towers.  Its  width  throughout  is  12  feet.  The  towers  have  been 
tieated  in  the  sa/ine  architectural  manner  as  the  main  wall. 

The  lower  gateways  extend  from  the  rock  to  the  top  of  the  side 
walls,  and  are  formed  to  accommodate  the  steel  gates  which  close 
the  ends  of  the  lower  reach.  In  the  centre  between  the  gates  is  a 
small  chamber  which  contains  the  hydraulic  engine  used  to  operate 
the  gates. 

It  will  be  seen  by  referring  to  the  masonry  plans,  for  instance 
Xo.  3,  that  the  concrete  work  is  built  in  sections — the  main  wall 
stands  by  itself,  being  separated  in  construction  from  the  side  walls. 
In  the  same  way  the  towers  are  not  bonded  with  the  adjacent  side 
walls  excepting  in  a lateral  direction,  by  what  is  termed  on  the  works 
a ^^key.^^  The  object  of  this  system  of  construction  is  to  obviate 
unsightly  cracks,  which  occur  from  uneven  loading  on  the  lounda- 
tion,  as  well  as  from  contraction  and  expansion  due  to  the  extreme 
changes  of  temperature.  It  has  been  found  in  concrete  work  if 
lines  of  weakness  are  not  provided  in  construction  they  form  them- 
selves in  a short  period  of  time.  These  lines  of  weakness  are  formed 
by  placing  a partition  or  bulkhead  from  face  to  back  of  the 
moulding  of  the  wall,  and  keeping  the  concrete  work  on  one  side  of 
it  a few  feet  higher  than  the  other.  Before  the  lower  side  is  brought 
up  the  bulkhead  is  removed  and  the  new  concrete  is  placed  against 
that  formed  by  the  bulkhead.  The  vertical  line  thus  formed  is 
marked  by  a small  triangular  piece  of  wood  3-8"  on  a side,  tacked 
to  the  face  forming  and  which  is  removed  with  the  forming.  These 
vertical  lines  are  never  noticed  on  the  walls,  whereas  a crack  is  com- 
mented upon  by  nearly  everybody.  Where  the  construction  has  to 
provide  against  unwatering  and  keep  the  water  from  leaking  through 
from  the  back,  the  keys  above  referred  to  are  introduced. 

The  concrete  of  the  hydraulic  lock  goes  under  the  general  speci- 
fications for  concrete  used  on  this  section  of  the  canal.  By  the 
specification  the  concrete  has  to  be  formed  of  clean  sharp  sand, 
gravel,  approved  field  stone  broken  to  about  2-inch  cubes,  clean 
water  and  Portland  cement.  The  cement  is  provided  by  the  Govern- 
ment. 

The  cement  used  is  Portland  of  the  best  quality.  About 
ninety-five  per  cent,  of  that  used  was  of  Canadian  manufacture. 
About  five  thousand  barrels  of  German  Portland,  which  proved  to 
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be  of  excellent  quality,  were  also  used.  The  Government  maintains 
an  excellent  cement  laboratory,  with  an  efficient  chemist  in  charge, 
where  all  the  cement  undergoes  rigid  examination  before  it  is  nsed. 

The  sand  and  gravel  is  subjected  to  very  rigid  inspection,  and 
none  is  allowed  to  be  nsed  in  which  there  is  an  appreciable  amount 
of  clay  or  foreign  miaterial.  For  mortar  not  to  be  incorporated  into 
concrete  the  sand  is  kept  separate,  but  for  concrete  purposes  the 
sand  and  gravel  is  mixed,  and  an  effort  is  made  to  get  the  sand  and 
gravel  uniformly  graded  from  the  size  which  would  ordinarily  be 
called  sharp  sand  up  to  gravel  stones  an  inch  and  a half  in  diameter. 

About  two-thirds  of  the  concrete  already  in  place  has  been 
mixed  by  a continuous  mixer,  which  is  a long  box  of  square 
section,  open  at  both  ends,  set  on  an  incline  and  caused  to  rotate. 
The  ingredients  of  the  concrete  are  fed  into  a hopper  at  the  upper 
end,  water  is  forced  into  the  upper  end  of  the  box  from  a hose  held 
a^  the  lower  end,  and  the  materials  by  the  time  they  reach  the  lower 
end  of  the  box  are  pretty  well  incorporated.  With  care  an  excel- 
lent concrete  can  in  this  way  be  produced.  The  remainder  of  the 
concrete  has  been  made  with  a cubical  mixer,  being  a cubical 
steel  box  pivoted  with  one  of  its  long  diagonals  horizontal.  The 
box  is  charged  with  the  required  proportions  of  material,  the  lid 
closed  and  the  box  rotated.  When  the  materials  have  become  suffi- 
ciently incorporated,  which  can  best  be  determined  from  experiment, 
the  rotation  is  stopped  and  the  contents  discharged.  This  mixer 
has  an  advantage  over  the  continuous  one  above  described  that  the 
material  may  be  manipulated  as  long  as  it  may  be  considered  neces- 
sary, and  one  is  quite  aware  of  the  amount  of  mixing  in  a batch 
of  concrete;  whereas  with  the  continuous,  it  is  impossible  to  tell 
just  where  one  batch  ends  and  another  starts.  This  in  .many  cases 
is  a disadvantage  and  requires  most  careful  watching,  particuliarly 
■when  it  is  desired  to  use  concrete  of  varied  strength  to  suit  the 
requirements  of  special  parts  of  the  work. 

In  the  substructure  the  proportion  of  the  ingredients  is  varied 
according  to  the  importance  of  the  parts.  For  example,  in  the  towers 
the  batches  were  made  by  adding  an  additional  bag  of  cement,  mak- 
ing in  this  manner  a stronger  mortar,  but  using  about  the  same 
amount  of  stone  as  in  ordinary  work.  The  mixture  of  ordinary 
concrete  is  given  by  tlie  specification  as  follows: — To  each  cubic  yard 
of  approved  broken  stone  there  shall  be  added  half  a cubic  yard  of 
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screened  gravel,  one  quarter  of  a cubic  yard  of  sand  and  three  and 
one-half  cubic  feet  of  Portland  cement. 

This  mixture  will  not  work  in  these  rigid  proportions  in  all 
cases,— the  kind  of  cement,  the  fineness  of  the  sand  and  the  gravel 
and  the  product  of  the  stone  crushers  all  having  an  influence.  The 
idea  is  to  have  a rich  mortar  which  will  bind  the  coarse  materials 
together,  the  varying  sizes  of  the  gravel  and  of  the  broken  stone 
giving  uniformity  of  density  to  the  mass.  It  has  always  been  found 
necessary  to  separate  the  different  parts  for  trial  mixtures,  and  in 
these  the  stone  and  gravel  is  added  to  “ fill.^^ 

All  of  the  concrete  is  made  and  placed  under  careful  inspection 
and  the  component  parts  are  watched  to  see  that  no  changes  in  the 
conditions  occur. 

On  all  the  exposed  faces  of  the  work,  mortar  (generally  1 cement 
to  2-J  or  3 of  sand)  to  a depth  of  about  three  inches  is  placed.  This 
mortar  is  mixed  at  the  same  time  as  the  remainder  of  the  concrete, 
and  is  deposited  simultaneously,  usually  by  one  man  with  a shovel,, 
who  does  nothing  else  but  attend  to  this  matter,  keep  the  moulds 
clean,  and  see  that  none  of  the  coarser  material  of  the  concrete  is 
allowed  to  touch  the  forming  which  retains  the  concrete  in  position 
until  settling  has  taken  place. 

The  forming  or  moulding  throughout  is  made  of  pine  lumber, 
three  inches  in  thickness  and  about  ten  inches  wide.  The  face  side  of 
the  timber  is  dressed  to  a smooth  surface  and  the  edges  of  the  planks 
are  rabbeted  so  as  to  form  a lap  joint.  The  studding  to  support  this 
surface  is  required  by  the  specifications  to  be  6"  x 8"  stuff  set  up  at 
about  4 foot  centres.  It  has  been  found  absolutely  necessary  to  use 
stiff  forming  like  the  above  in  order  to  preserve  uniform  lines  on  the 
face  of  important  walls.  Back  lines  of  the  walls  are  constructed  by 
rough  inch  boarding  which  oftentimes  does  not  present  a very 
workmanlike  appearance  as  far  as  the  carpentry  is  concerned,  but 
sc  long  as  the  lines  are  kept  reasonably  near  what  is  intended  noth- 
ing more  is  required  in  this  particular. 

THE  SUPERSTRUCTURE. 

The  superstructure  of  the  hydraulic  lock,  which  is  under  con- 
tract with  the  Dominion  Bridge  Company  of  Montreal,  was  let  in 
the  spring  of  1898.  Some  slight  modifications  in  the  plans,. 
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however,  have  been  made  from  time  to  time  as  a more  complete  and 
careful  study  showed  that  this  could  be  done  to  advantage;  but  in 
the  main  details  the  contract  plans  have  been  rigidly  adhered  to. 
For  purposes  of  description  it  would  perhaps  be  well  to  separate  the 
construction  into  its  different  important  parts, — the  lock-chambers, 
the  guides,  the  gates  and  their  operating  machinery,  and  the  auxili- 
ary mechanical  plant. 


THE  LOCK  CHAMBERS. 

As  has  already  been  mentioned,  the  lock  chambers  of  this  lock 
are  very  much  larger  than  those  of  any  lock  previously  built,  having 
a width  practically  double  that  of  the  largest  of  the  others.  The 
clear  inside  dimensions  of  each  of  the  chambers  are  139  feet  long 
and  33  feet  wide,  with  a free  board  of  9 feet  10  inches.  These 
dimensions,  with  the  exception  of  the  depth  of  water,  are  fixed  by 
Government  commission;  and  it  is  necessary,  as  well  as  complying 
with  the  conditions  above,  that  a clear  headway  of  25  feet  be  left 
above  the  water-level.  (It  would  appear  that  these  sizes  were  deter- 
m.ined  upon  from  the  construction  of  the  old  form  of  side  wheelers 
in  common  use  on  the  Trent  waters  some  years  ago.)  The  depth 
of  water  for  which  the  lock  is  constructed  would  be  called  in  ordi- 
nary navigation  language  8 feet  on  the  sills,^^  and  the  whole  of 
the  construction  of  the  canal  at  the  present  time  is  being  carried 
on  with  a view  to  using  this  depth  of  water,  although  6 feet  is  the 
nominal  depth  of  the  canal.  The  load  of  water  which  each  of  the 
lock  chambers  will  contain  is  about  1,700  tons,  and  this  is  the  maxi- 
mum load  which  it  is  necessary  to  provide  for,  since  when  a vessel 
is  floating  in  the  chamber  it  is  merely  a question  of  displacement. 
The  trusses  which  carry  the  load  of  the  chamber  are  double  canti- 
levers. The  form  of  these  girders  has  been  changed  from  that 
shown  on  the  drawings  by  making  the  chords  parabolic  in  form,  in 
order  to  obtain  a horizontal  platform  at  the  ends  next  to  the  reaches. 
The  depth  of  the  trusses  at  the  centre  is  32  feet,  this  depth  having 
been  chosen  with  a view  to  preventing  the  teetering  tendency,  which 
is  always  present,  rather  than  that  of  lowering  the  stresses  due  to 
the  water  load.  The  trusses  are  simple,  and  it  is  not  necessary  in 
any  of  the  members  to  provide  for  alternate  stresses,  as  the  load  is 
constant  and  always  in  the  same  direction.  All  the  connections  are 
riveted  and  stiff;  the  top  chord  cover-plate  is  30  inches  in  width. 


HYDRAULIC  LIFT  LOCK  ON  THE  TRENT  CANAL. 


139 


the  diagonals  are  of  flat  rolled  bars  tbronghont.  The  stresses  with 
the  material  are  given  on  the  drawing  on  page  137.  The  floor 
b:ams  and  stringers  extend  under  the  whole  of  the  plating  and  will 
form  a very  stiff  frame-work  for  it.  No  lateral  bracing  has  been 
provided,  as  it  is  considered  that  the  plating  itself  will  be  quite  suffi- 
cient to  withstand  any  wind  stresses.  The  plating  of  the  chambers 
is,  in  the  lower  part,  3-8  of  an  inch  thick,  steel,  with  5-16  along  the 
sides.  The  plates  are  arranged  of  such  a width  that  there  will  be 
very  little  fouling  of  the  stringers  and  floor  beams,  and  they  are 
joined  by  butt  splice  plates  4-|  inches  wide  throughout.  The  rivet- 
ing of  the  plating  is  put  in  in  the  same  way  as  for  boiler  work,  and 
all  the  edges  of  the  splice  plates  are  caulked  by  the  concave  method. 
The  whole  of  the  load  of  the  chambers  is,  as  will  be  seen,  brought 
directly  on  to  the  top  of  the  rams  by  plate  girders  9 feet  in  depth. 
There  are  four  of  these  girders,  each  taking  practically  an  equal 
share  of  the  load,  as  will  be  seen  by  an  examination  of  the  double 
system  of  the  trusses. 

THE  GUIDES. 

The  guides,  which  will  be  required  to  overcome  the  teetering 
tendency  which  is  always  present,  and  to  overcome  also  the  tendency 
of  rotation  due  to  the  unbalanced  wind  forces,  are  placed  at  the 
centre  of  the  trusses  at  the  sides  and  the  upstream  end.  The  central 
guides,  which  have  mainly  to  overcome  the  teetering,  are  placed  on 
the  line  of  the  top  and  the  bottom  chords  and  connect  with  the 
towers.  The  guide  adjacent  to  the  side  tower  is  made  of  such  a 
form  as  to  withstand  a side  pressure  of  the  wind,  from  which  ever 
v/ay  it  may  be  blowing,  in  tljis  way  relieving  the  centre  tower  of 
this  kind  of  load  and  giving  it  all  to  the  side  one.  It  will  be  seen 
by  the  masonry  drawings  that  the  side  tower  is  of  much  greater 
width  than  the  centre  one,  which  is  only  12  feet  in  this  direction. 
Those  guides  which  will  probably  be  the  more  efficient  in  overcom- 
ing the  rotating  tendency  of  the  wind  are  placed  at  the  upstream  ends 
of  the  trusses  and  work  against  steel  beams  embedded  in  the  con- 
crete work. 

These  guides  have,  in  former  locks,  also  to  overcome  the  un- 
balanced end  pressure  of  the  water  when  the  adjacent  gates  are 
opened  ready  for  the  chamber  to  receive  the  vessel.  This  end  pres- 
sure has  been  so  small,  compared  to  what  is  found  in  the  Canadian 
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lock,  that  no  extra  precautions  were  necessary  to  care  for  it.  The 
unbalanced  pressure,  however,  in  the  Canadian  lock  is  so  great  that 
it  has  been  considered  advisable  to  provide  a separate  means  for  over- 
coming this  end  thrust.  The  unbalanced  pressure  produced  in  this 
way  is  180,000  lbs.  and  is  taken  care  of  by  a special  end  thrust 
arrangement^^  which  engages  directly  with  the  concrete  work.  It. 
consists  of  a steel  casting  secured  to  the  trusses  of  the  chamber  at 
about  the  level  of  the  floor  line,  and  these  castings  engage  with 
others  which  are  flrmly  anchored  to  heavy  steel  beams  imbedded  in 
the  concrete  work. 

THE  GATES. 

The  gates  and  operating  machinery  are  of  a very  different  type 
from  anything  that  has  hitherto  been  employed  for  this  purpose. 
The  design  of  the  gates  is  thought  to  be  entirely  new.  In  the  Euro- 
pean locks  it  has  been  the  custom  to  hang  and  raise  them  vertically,, 
which  has  proved  to  be  quite  a satisfactory  method  where  the  head- 
room  required  has  not  been  much  more  than  8 feet  above  the  sur- 
face of  the  water.  However,  as  it  is  necessary  that  25  feet  clear 
headway  be  preserved  in  our  case,  and  as  our  gates  are  of  necessity 
about  twice  the  length  of  the  European  ones,  it  did  not  seem  a desir- 
able thing  to  operate  them  in  the  old  manner.  The  method  which 
has  been  adopted  and  on  which  the  gates  are  now  being  constructed, 
is  clearly  seen  in  the  diagram  on  plan  3,  and  further  in  the  sketch 
on  page  143. 

It  will  be  seen  by  inspection  of  one  of  the  gates  closing  the  end 
of  the  reach,  that  it  is  hinged  along  the  length  of  its  lower  edge 
and  arranged  so  that  it  will  fall  flat  above  the  bottom  of  the  gate 
recesses.  As  it  is  never  necessary  that  one  of  these  gates  be  opened 
without  the  other,  they  are  arranged  to  operate  in  pairs.  The 
reach  gate  is  controlled  directly  by  a small  three-cylinder  hydraulic 
engine  and  the  chamber  gate  is  automatically  connected  with  it. 
The  gates  themselves  are  of  steel  throughout,  the  frame  work  con- 
sisting of  a series  of  vertical  posts  made  of  I-beams,  which  connect 
to  the  top  girder,  giving  a perfectly  determinate  system  of  stresses 
throughout,  and  bringing  definite  abutment  loads  where  they  can 
be  readily  taken  care  of.  The  plating  is  all  on  the  outer  (that  is, 
away  from  the  reach)  side  of  the  gate,  is  5-16  inches  thick  on  the 
upper  parts,  3-8  inches  thick  below,  is  butt-spliced  and  caulked  in 
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the  same  manner  as  the  plating  of  the  chambers.  In  order  to  render 
the  gates  less  cumbersome  in  handling,  or  rather  to  make  it  prac- 
ti cable  to  handle  them,  the  space  between  the  vertical  beams  will  he 
taken  up  by  light,  water-tight,  galvanized-iron  boilers  of  the  type 
commercially  knowm  as  range  or  hot-water  boilers,  and  the  buoy- 
ancy which  will  be  gained  by  the  use  of  these  boilers  will  make  the 
gate  so  that  it  can  be  readily  maintained  in  any  desired  position. 
It  was  originally  intended  that  this  buoyancy  should  be  obtained, 
as  will  be  seen  by  an  examination  of  the  contract  drawings,  by  plat- 
ing the  gates  on  both  sides  and  having  them  caulked.  But  a further 
study  of  the  subject  seemed  to  show  that  this  was  an  undesirable 
mmthod,  as  the  possible  racking  of  the  gates  in  operation  might  cause 
the  caulking  to  become  loose,  and  thus  destroy  the  buoyancy  in  such 
a way  that  it  could  not  easily  be  repaired;  and  further  the  extra 
amount  of  plating  required  to  obtain  the  buoyancy  added  materially 
to  the  weight  of  the  gates.  A new  method  was  therefore  sought  for, 
and  the  ranger  boiler  idea  seemed  to  possess  so  many  merits  that  it 
was  readily  agreed  to  by  the  contractors.  These  boilers  are  light 
in  construction,  thoroughly  galvanized  within  and  without,  and 
tested  under  any  required  reasonable  pressure;  and  they  are  cheap. 
Damage  to  one  or  more  of  themi  would  not  materially  effect  the 
operation  of  the  gate,  and  a broken  one  may  be  readily  replaced  at  a 
convenient  time.  The  galvanizing  will  of  course  prevent  any  cor- 
rosion of  the  iron  by  the  water. 

Water-tightness  is  ensured  within  the  gates  and  chambers,  or 
reaches,  by  means  of  a rubber  strip,  about  3"  x -J",  fastened  along 
the  sides  and  bottom  of  the  frame  against  which  the  gate  "closes. 
The  pressure  of  the  water  itself  keeps  the  strip  tightly  pressed 
against  the  gate,  in  this  way  preventing  any  leakage.  The  edge 
against  which  the  rubber  bears  is  machined  to  a true  surface. 

The  hydraulic  engine  operating  the  gates  is  situated  in  such  a 
way  that  its  main  shaft  is  on  a line  with  the  axis  of  the  gate,  and  a 
sprocket  pinion  is  attached  to  it  next  to  the  side  of  the  recesses.  A 
second  sprocket,  which  is  connected  to  the  former  one  by  a chain,  is 
attached  near  the  top  of  the  gate  rigidly  to  the  same  shaft  as  a 
pinion  which  engages  with  a segmental  rack  fixed  to  the  side  of  the 
masonry.  The  rotation  of  the  engine  shaft  causes  the  gate  to  be 
raised  or  lowered.  The  shaft  extends  across  the  top  of  the  gate,  and 
at  its  farther  end  has  a similar  pinion  engaging  in  a corresponding 
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Tacik,  in  this  way  bringing  both  ends  of  the  gate  np  without  a 
twisting  motion. 

While  speaking  of  the  gates  it  would  perhaps  be  well  to  describe 
the  method  whereby  a water-tight  joint  is  made  between  the  end  of 
the  chamber  and  the  corresponding  end  of  the  reach.  The  end  of 
the  chamber  clears  the  end  of  the  reach  by  a space  of  about  If 
inches,  and  it  will  be  seen  that  this  space  has  in  some  manner  to  be 
closed  before  the  water  in  the  canal  can  connect  with  that  in  the 
cliamber,  or,  in  other  words,  before  the  gates  can  be  opened.  The 
joint  is  made  by  the  inflation  with  compressed  air  of  a rubber  tube, 
w^hich  is  fastened  to  the  face  of  the  reach  along  the  bottom  and  up 
the  sides  of  it.  This  hose  is  made  fiat  in  form  and  lies  against  the 
frame  of  the  gate.  When  inflated  with  air,  at  a pressure  of  about 
27  pounds  per  square  inch,  it  will  form  by  its  tendency  to  become 
circular,  a joint  which  will  be  perfectly  water-tight  under  a head  of 
12  or  14  feet,  which  is  the  maximum  depth  of  the  water  at  this 
place.  In  practice  it  is  intended  to  inflate  this  hose  only  as  much 
as  may  be  necessary  to  make  the  joint  tight,  because  the  intended 
amount  of  pressure  increases  materially  the  end  thrust  which  is 
referred  to  when  speaking  of  the  guides.  ’At  one  of  the  Euro- 
pean lifts  this  joint  has  been  made  by  building  the  end  of  the  lock 
chamber  on  a taper  and  having  a movable  wedge,  faced  on  both  sides 
with  rubber,  so  adjusted  against  the  end  of  the  reach  that  when  the 
chamber  comes  to  the  top  of  its  stroke,  the  two  inclined  faces  would 
bind  against  one  another  and  in  this  way  form  a water-tight  joint. 
This  method,  while  it  has  its  advantages,  seems  also  to  have  its  dis- 
advantages, and  these  were  considered  so  great  that  the  hose  idea 
was  adopted. 

THE  LARGE  PRESSES. 

The  presses,  which  are  really  the  most  important  part  of  the 
whole  mechanism,  differ  very  materially  from'  anything  that  has 
hitherto  been  constructed.  The  pressure  by  the  gauge  during  oper- 
ations will  be  600  pounds.  The  rams  have  a finished,  external 
diameter  of  90  inches,  and  the  inside  diameter  of  the  presses  is  7 
feet  inches,  giving  a clear  space  of  1^  inches  all  round  the  ram. 
The  rams  themselves  are  built  of  cast  iron  inches  in  thickness, 
made  up  in  sections.  Each  section  is  5 feet  3 inches  long  and  is 
bolted  to  the  adjacent  ones  by  1:^  bolts  through  inside  flanges.  The 
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joints  between  the  sections  are  made  perfectly  tight  by  means  of  a 
gasket  of  thin  soft  copper,  rolled  true  to  gauge,  of  cross  section 
dimensions  of  f inch  by  1-16  of  an  inch.  This  gasket  is  brazed  in 
the  form  of  a ring.  The  end  sections  of  the  ram  castings  are  rab- 
beted to  fit  into  one  another  and  have  male  and  female  corrugations, 
d'he  copper  is  put  in  flat  and  when  the  joint  is  screwed  down  tightly 
becomes  corrugated,  making  the  joint  perfectly  tight. 

It  is,  however,  in  the  presses  themselves  that  the  important 
changes  have  been  made.  In  the  presses  at  Anderton,  cast  iron  sec- 
tions were  used  throughout.  Failure  in  these  caused  Mr.  Clark 
to  change  his  plans.  In  order  to  obtain  a more  satisfactory  type  of 
press,  cast  iron  at  such  high  pressure  being  unreliable  in  tension, 
many  experiments  were  tried,  and  the  presses  at  La  Louviere  and  Le& 
Fontinettes  were  built  on  two  different  plans.  The  Les  Fontinettes 
presses  consist  of  steel  hoops,  rabbeted  and  piled  on  top  of  one 
another  to  make  up  the  required  height,  water-tightness  being  gained 
by  an  interior  lining  of  copper  brazed,  in  much  the  same  manner  as 
the  inner  tube  of  a bicycle  tire  gives  air-tightness  to  the  tire;  the 
copper  is  vuter-tight  and  the  steel  hoops  take  all  the  tension.  At 
La  Louviere  a different  method  was  tried.  The  sections  of  the 
presses  were  of  cast  iron  to  get  the  water-tightness,  and  the  strength 
was  given  to  these  sections  by  means  of  steel  hoops  rolled  in  the 
ordinary  tire  mills,  rabbeted  so  as  to  fit  together,  heated  and  shrunk 
on  to  the  sections.  On  either  end  of  the  cast  iron  sections  a small 
lip  or  projection  was  left  while  turning  themi,  to  serve  as  a protec- 
tion against  the  hoops  being  dragged  off,  but  these  lips  were  not  so 
large  as  to  prevent  the  heated  hoops  from  being  passed  over  them. 
The  end  hoops  of  the  sections. were  flanged  and  served  as  a means- 
of  bolting  the  adjacent  sections  together.  This  has  proved  to  be  a 
very  satisfactory  type  of  press,  but  it  requires  not  very  much  con- 
sideration to  see  that  it  is  also  a very  expensive  one.  The  cast  iron 
sections  must  be  turned  with  the  utmost  accuracy;  the  greatest  care 
must  also  be  used  to  have  the  hoops  bored  out,  and  an  immense 
amount  of  machining  is  required  on  each  of  the  hoops.-  The  heating 
of  the  hoops  is  also  a serious  matter,  and  after  the  press  is  finished, 
while  there  may  be  no  doubt  whatever  of  its  suitability,  still  the 
actual  stresses  are  very  uncertain.  They  endeavoured  to  set  up  suffi- 
cient compression  in  the  cast  iron  when  in  the  normal  condition  to 
exactly  balance  the  tension  produced  by  the  load  when  working,  and 
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in  this  way  leave  the  cast  iron  in  a neutral  state  of  stress.  This 
style  was  shown  on  the  plans  for  the  letting  of  the  snperstnictnre, 
and  was  tendered  on  by  the  European  firm  which  built  the  La 
Lonviere  lift,  who  asked  to  have  them  made  the  same  diameter  as 
those  at  T/a  Lonviere  (namely,  2 meters)  instead  of  7 feet  6 inches 
diameter  as  onr  specification  required.  The  present  contractors, 
however,  in  their  tender,  submitted  also  an  alternative  tender  for 
presses  made  of  steel  castings,  at  the  same  time  making  such  a sub- 
stantial decrease  in  their  alternative  figure  that  the  Government 
felt  compelled  to  enquire  very  carefully  into  their  proposal,  with  the 
result  that  their  tender  for  the  presses  of  steel  castings  were 
accepted.  Mr.  Clark,  in  his  experiments  of  presses,  had  tried  steel 
castings,  but  in  one  of  the  large  sections  he  produced  failure  at 
about  40  per  cent,  of  its  calculated  ultimate  strength,  owing,  as 
examination  showed,  to  the  fact  that  a large  piece  of  scale  had  be- 
come loosened  from  the  mould  and  had  embedded  itself  in  the  wall 
of  the  casting.  This  was  really  all  the  information  along  this  line 
that  the  Government  had  when  entering  upon  their  investigation  as 
to  the  feasibility  of  using  steel  castings  for  this  purpose,  with,  of 
course,  the  knowledge  that  immense  strides  have  been  made  in  the 
manufacture  of  steel  castings  since  the  tests  at  La  Lonviere  were 
made  ten  years  before.  A careful  study  of  the  products  of  some  of 
the  large  steel  casting  manufacturers  of  the  IJnited  States,  and  of 
their  test  specimens,  coupled  with  the  assurance  that  they  were  able 
to  make  a satisfactory  press  in  this  manner,  led  to  the  adoption  of 
steel  castings,  which  are  now  in  shape  to  be  placed  in  the  work. 
The  internal  diameter,  as  has  been  stated,  is  7 feet  8^  inches,  the 
thickness  of  the  metal  3-|  inches,  the  length  of  the  sections  5 feet 
3 inches,  with  flanges  on  either  end  for  connection  purposes.  The 
thickness,  3-|  inches,  was  chosen  chiefly  as  a matter  of  considera- 
tion in  casting  rather  than  on  account  of  the  stresses.  The  maxi- 
mum pressure  in  the  presses  will  probably  give  a tensile  stress  in  the 
walls  of  about  8,500  lbs.  per  square  inch.  The  Govemm^ent  required 
that  every  casting  in  the  presses  should  undergo  a pressure  test  by 
water.  The  maximum  pressure  to  be  applied  was  decided  upon  as 
2,000  lbs.  per  square  inch,  which  strains  the  metal  of  the  casting 
almost  up  to  the  elastic  limit;  and  this  pressure  may  be  applied  and 
relieved  as  many  times  as  the  engineer  may  direct.  It  is  considered 
that  this  will  insure,  beyond  a doubt,  that  every  casting  is  perfect 
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and  that  no  flaws  or  large  faults  exist  in  themi  The  tests  already 
made  on  these  castings  have  been  eminently  satisfactory,  and  have  far 
exceeded  the  most  sanguine  expectations.  Not  only  have  the  steel 
castings  taken  fhe  load  perfectly,  hut  there  has  not  been  the  slightest 
oozing,  while  some  of  the  auxiliary  ordinary  iron  castings  used  in 
the  test  have  allowed  the  water  to  pour  through  them  like  sponges. 

The  tops  of  the  presses  are  finished  with  a stuffing  box  of  rec- 
tangular form,  1 inch  wide  and  about  10  inches  in  depth,  and  will 
he  filled  with  braided  hemp,  which  before  using  is  about  an  inch 
square  in  section.  It  is  intended  to  use  about  nine  rings  of  this 
hemp  in  the  stuffing  box.  The  hemp  is  tightened  down  by  means  of 
a steel  gland  or  follower  held  by  stud-bolts  tapped  into  the  top 
section.  The  gaskets  forming  a water-tight  joint  between  the 
adjacent  sections  of  the  press,  are  of  copper,  the  same  as  those 
described  for  the  rams.  In  the  tests  already  performed  there  has 
been  no  difficulty  experienced  in  keeping  this  hemp  packing  quite 
tight  under  pressure  of  1,200  lbs.  per  square  inch. 

Another  important  deviation  from  former  examples  is  the  man- 
ner in  which  the  water  is  admitted  to,  or  discharged  from«,  the 
presses.  It  is  necessary  that  a volume  of  water  equal  to  the  volume 
of  one  of  the  rams  be  forced  from,  one  press  into  the  other  during 
the  process  of  lockage.  The  chief  difficulty  with  the  Anderton  press 
was  encountered  at  the  point  where  the  connecting  pipe  joined  the 
presses.  To  overcome  this,  a rather  complicated  inlet  system  was 
devised  and  patented  by  the  Societe  Cockerill  of  Seraing,  which  has 
proved  very  satisfactory  on  the  La  Louviere  lock.  The  contractors 
of  the  Canadian  lock  suggested  an  entirely  different  form  of  inlet, 
which  consisted  practically  in  the  enlargement  of  presses  at  the  level 
of  the  connecting  pipe  by  a swell,  which  would  permit  the  water  to 
discharge  freely  away  from  the  ram.  Before  approving  of  this  the 
engineers  studied  the  matter  very  carefully,  and  after  a most  liberal 
application  of  hydraulic  formulae,  and  the  most  variable  results  from 
very  slight  changes  in  assumptions,  it  was  decided  to  perform  some 
experiments  to  determine  if  possible  what  would  be  the  best  arrange- 
ment of  curves  for  this  inlet.  A model  was  made  of  wood  one-fiftH 
full  size,  and  the  curves  suggested  by  the  contractors  were  accur- 
ately and  carefully  formed  in  the  model  and  shellacked.  Water  from 
a height  of  about  30  feet  was  discharged  through  this  medel,  which 
represented  as  closely  as  practicable  the  actual  conditions  which  will 


HYDRAULIC  LIFT  LOCK  ON  THE  TRENT  CANAL. 


149 


exist,  and  the  curves  were  correctly  and  carefnlly  increased,  numbers 
of  experiments  being  performed  with  each  set  of  curves.  It  was 
found  that  after  certain  enlargements  had  been  made,  that  the  dis- 
charge from  the  model  was  no  longer  effected,  and  it  was  assumed 
from  this  that  these  curves  would  give  probably  the  best  results 
and  least  friction.  These  lines  were  agreed  to  by  the  contractors. 

The  pipe  connecting  the  two  presses  is  12  inches  internal  di- 
ameter, made  of  steel  castings  one  inch  in  thickness,  the  various 
lengths  being  fastened  together  with  bolted  flanges.  Midway  between 
the  presses  and  immediately  under  the  centre  of  the  central  tower  is 
located  the  main  valve,  which  closes  the  connection  between  the 
presses.  This  valve  is  controlled  solely  by  the  lock  master  in  his 
cabin  on  the  top  of  the  central  tower.  Beside  the  main  gate  valve 
there  are  two  auxiliary  valves  which  are  closed  or  opened  automatic- 
ally by  the  lock  itself  during  its  motion.  These  valves  serve  as  a 
protection  against  possible  accident,  and  each  valve  is  closed  by  the 
chamber  by  the  time  it  reaches  the  end  of  its  stroke,  the  closing 
being  started  about  the  last 'eighth  or  8 feet  of  the  stroke. 

THE  AUXILIARY  PLANT. 

As  has  been  stated,  the  hydraulic  lock  is  theoretically  automatic, 
but  it  Avill  be  seen  that  slight  leakages  about  the  gland  of  the  main 
presses  cannot  be  avoided.  For  this  reason  it  is  necessary  that  some 
supply  of  water  under  pressure  be  maintained  and  always  ready  when 
required.  This  supply  is  provided  from  an  accumulator. 

THE  ACCUMULATOR. 

The  accumulator  consists  of  a cylinder  in  which  a ram  works, 
the  ram  carrying  a weight  which  may  be  increased  or  diminished 
according  as  it  may  be  desired  to  change  the  pressure  in  the  water 
contained  in  the  presses.  In  the  accumulator  in  question  it  is  in- 
tended that  the  ram  will  be  loaded  to  give  a pressure  of  about  15  lbs. 
more  than  that  at  which  the  large  presses  will  work,  so  that  in  event 
of  additional  water  being  reouired  in  either  of  the  large  presses,  at 
any  time  it  can  be  readily  admitted  from  the  accumulator.  The 
accumulator  receives  its  supply  of  water  from  a pressure  pump 
located  in  the  pump-room,  the  pump  being  driven  by  a small  water- 
wheel working  under  the  head  of  the  upper  reach.  The  accumulator 
is  built  after  the  same  manner  as  the  large  presses,  having  a press 
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or  outside  cylinder  of  steel  castings.  In  the  type  of  accumulator 
invented  by  Lord  Armstrong,  the  ballast-hox,  whereby  the  weight  is 
applied  to  the  top  of  the  ram,  is  in  the  form  of  a ring  encircling 
the  press.  But  this  appears  to  be  undesirable,  because  when  the  ram 
is  at  the  top  of  its  stroke  there  is  practically  a pivot  joint  in  the 
middle  of  the  column,  the  height  of  which  is  twice  the  length  of  the 
ram.  This  accumulator  is  now  built  with  the  hallast-hox  directly 
on  the  top  of  the  ram,  and  the  top  of  the  press  is  stayed  to  the  walls 
of  the  concrete,  where  it  is  installed.  It  is  expected  that  a much 
steadier  motion  will  be  obtained  in  the  machine  by  this  method. 
The  accumulator  is  installed  in  a void  in  the  eastern  side  tower,  and 
a cylindrical  well  has  been  carried  down  to  about  the  level  of  the  top 
of  the  large  presses  im  order  to  contain  the  press.  The  stroke  of  the 
ram  will  he  accommodated  in  the  height  of  the  tower.  The  diameter 
of  the  ram  is  20  inches  and  its  stroke  is  30  feet  6 inches.  This  will 
give,  without  further  supply  from  the  pumps,  a sufficient  quantity  of 
water  to  raise  one  of  the  large  rams  one  foot  high. 

As  it  was  necessary  that  the  accumulator  and  pump  should  he 
installed,  it  was  thought  desirable  that  the  gates  and  the  capstans 
for  towing  vessels  in  and  out  of  the  chambers  might  also  he  operated 
to  advantage  from  this  power,  so  it  was  decided  to  use  Brotherhood 
three-cylinder  hydraulic  engines  to  operate  the  gates,  one  for  each 
pair  of  gates  upstream  and  another  for  each  pair  of  gates  down- 
stream, the  gearing  being  so  arranged  that  only  one  pair  of  gates 
can  be  worked  at  a time.  The  hydraulic  capstans  are  practically  of 
the  same  form  as  these  engines  and  are  operated  by  the  same  power. 
The  engines  and  the  capstans  are  being  constructed  by  the  Hydraulic 
Engineering  Co.  of  Chester,  England. 

THE  PUMPS. 

The  accumulator  receives  its  supply  of  water  from  two  high 
pressure  hydraulic  pumps  located  in  the  pump-room.  Each  of  the 
pumps  has  a capacity  sufficient  to  operate  the  accumulator,  the  two 
being  provided  in  order  to  form  a duplicate  plant.  The  pumps  are 
built  in  the  most  substantial  manner,  having  bronze  pistons  and 
piston  rods,  and  bronze-lined  cylinders.  They  are  directly  connected 
to  the  turbines  by  which  they  are  driven,  and  are  so  arranged  that  in 
case  of  accident  both  can  be  connected  to  pump  up  the  lock-chambers 
singly  so  as  not  to  completely  stop  the  traffic  on  the  canal. 
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A pump  having  a capacity  of  about  20  cubic  feet  per  minute  is 
provided  for  the  continual  unwatering  of  the  lock-chamber  pits  and 
is  placed  in  the  lower  gateway  engine  chamber  discharging  into  the 
lower  reach.  It  will  doubtless  be  impossible  to  keep  the  lock- 
'Chamber  pits  perfectly  dry,  owing  to  the  height  of  the  water  back  of 
the  walls.  This,  together  with  a certain  amount  of  leakage  from  the 
presses  and  other  machines,  as  well  as  from  the  gates,  will  accumulate 
in  the  lower  portions  of  the  pits  around  the  main  presses.  AVhen 
this  water  reaches  a level  very  nearly  the  floor  of  the  pits  at  this 
place,  this  pump  will  be  automatically  started  and  work  until  the 
water  is  taken  out  to  the  desired  level. 

THE  TURBINES. 

The  turbines  operating  the  pressure  pumps  are  located  in  the 
pump-room  and  derive  their  power  from  the  65-foot  head  of  the 
Tipper  reach.  This  water  is  taken  in  through  a screen  or  rack  at  the 
side  of  the  reach,  and  down  a vertical  penstock  leading  into  the 
pump-room,  the  wheels  discharging  into  the  two  draft  tubes  em- 
bedded in  the  concrete  wall  separating  the  pump-room  fromi  the 
'Culvert  into  which  they  empty.  The  culvert  conveys  the  water  to 
the  level  of  the  lower  reach,  where  it  will  be  utilized  to  make  up  for 
the  evaporation  and  percolation  on  this  short  stretch  of  the  canal. 
Each  of  the  turbines  is  16  inches  in  diameter  and  is  of  the  ‘^Eroker’^ 
type.  The  turbines  are  built  in  the  most  substantial  manner  and 
have  bronze  steps.  It  is  ordinarily  intended  that  one  of  the  turbines 
shall  be  utilized  to  operate  one  of  the  pumps,  while  the  other  will 
.generate  electricity  for  lighting  the  lock  and  for  supplying  electrical 
power  for  any  other  object  which  may  be  deemed  advisable  within 
reasonable  distance  of  the  lock,  such  as  the  operating  of  the  swing 
bridges  and  the  guard  gates.  The  turbines  are  arranged  so  that  each 
nan  work  either  pump.  The  working  of  one  pump  is  all  that  will 
ordinarily  be  required;  if  necessary,  however,  both  may  be  operated 
at  the  same  time. 


THE  DYNAMO. 

The  type  of  dynamo  has  not  yet  been  decided  upon,  but  it  will 
be  sufficient  to  provide  about  100  arc  lamps.  It  is  intended  to  install 
this  machine  in  the  central  chamber  of  the  pump-room,  belting  it 
directly  to  the  turbine  nearest  to  it. 
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THE  TAYLOR  HYDRAULIC  AIR  COMPRESSOR. 

Eeference  has  already  been  made  to  the  air  tube  which  forms  a 
joint  between  the  ends  of  the  chambers  and  the  ends  of  the  reaches 
and  which  is  inflated  with  compressed  air,  when  it  is  required  to 
make  the  joint.  This  air  is  supplied  by  a compressor,  built  under 
the  patents  of  the  Taylor  Hydraulic  Air  Compressing  Co.  of  Mon- 
treal, and  is  located  in  the  south-west  corner  of  the  main  well.  It 
receives  its  supply  of  water  from  the  upper  reach  and  the  air  is  com- 
pressed by  becoming  entangled  with  the  water  at  the  point  of  inlet,, 
dragged  down  by  the  water  to  a depth  considerably  below  that  at 
which  the  water  escapes,  and  afterwards  collected  below  and  thence 
delivered  into  the  pump-room.  The  inlet  of  the  water  indicated 
on  the  masonry  plans  is  about  13  feet  above  the  outlet,  which  may 
be  seen  passing  over  the  top  of  the  main  wall,  and  into  this  the  inlet 
or  feed-pipe  delivers.  The  headpiece  is  a device  separately  patented! 
whereby  air  is  admitted  so  as  to  become  entangled  with  the  inflowing 
water. 

It  is  connected  through  its  base  by  an  18-inch  pipe  to  a tank 
85  feet  below  it.  The  connection  at  the  lower  end  of  the  pipe  is 
made  on  the  side  of  the  tank  where  the  water  is  given  a horizontal 
and  rotary  motion,  allowing  the  air  to  collect  in  the  conical  top  of  the 
tank.  A 4--inch  pipe  is  attached  at  the  top  of  the  cone,  delivering  the 
air  at  the  required  destination.  The  lower  tank,  11  feet  in  diameter, 
is  open  at  the  bottom,  permitting  the  water  to  escape  after  the  air 
is  released.  The  water  then  rises  around  the  outside  of  the  tank 
and  up  the  42-inch  shaft  in  which  the  18-inch  down-pipe,  before 
referred  to,  is  placed,  and  escapes  at  the  outlet  above  the  level  of 
the  top  of  the  roadway.  The  pressure  of  the  air  is  that  due  to  the 
column  of  water  from  the  water-line  in  the  lower  tank  to  the  level 
at  which  the  water  escapes  in  the  outlet  at  the  roadway  level.  The 
lower  chamber  also  forms  a reservoir  for,  as  well  as  a collector,  of  the 
compressed  air;  the  compressor  is  automatic  in  its  action  and  runs- 
continuously,  a safety  valve  being  provided  to  allow  the  air  to  escape 
when  too  much  accumulates  below. 

Fro-m  the  pump-room  the  compressed  air  is  led  in  pipes  to  the 
various  places  at  which  it  is  required  to  be  used. 
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METAL  IN  THE  SUPERSTRUCTURE. 

A summary  of  the  amounts  and  the  various  kinds  of  metal 
included  in  the  superstructure  is  as  follows: — Eolled  steel  in  plates 
and  shapes  for  the  lock-chambers  and  gates,  1,680,000  Ihs.;  cast  iron 
in  the  main  rams,  accumulator,  guides  and  various  machines,  495,000 
lbs. ; steel  castings  for  the  main  presses  and  accumulator,  668,000  Ihs. 

OPERATION. 

The  operation  of  the  lock  will  require  three  men — a lock-master 
and  two  assistants  or  gatemen.  The  duties  of  the  lock-master  will 
be  to  oversee  everything,  and  he  will  he  fully  responsible  for  the 
structure.  The  gatemen  will  he  required,  one  at  the  lower  end  and 
the  other  at  the  upper,  to  open  and  close  the  gates,  make  good  the 
joints  between  the  ends  of  the  chambers  and  the  reaches  and  to 
operate  the  capstans.  It  will  also  be  necessary  for  the  gatemen  to 
take  charge  of  vessels  at  a distance  of  about  two  hundred  feet  above 
or  below  the  lock,  at  which  point  the  vessels  will  pass  into  the  sole 
charge  of  the  hydraulic  lock  men. 

The  lock-master,  during  operations,  will  be  required  to  stay  in 
his  cabin,  located  on  the  top  of  the  central  tower,  where  he  will  be  in 
full  view  of  all  the  operations  and  in  full  communication  with  both 
of  his  assistants  by  a simple  signal  system.  The  lock-master  will 
have  all  the  levers  before  him,  and  will  control  all  the  workings  of 
the  lock.  The  levers  for  controlling  the  gates,  water-tight  joints, 
capstans  and  all  parts  of  the  apparatus  will  be  interlocked  so 
that  none  of  them  can  be  moved  out  of  proper  order,  thus  guarding 
against  possible  accident  and  giving  the  lock-master  complete  and 
sure  control  of  the  whole  apparatus.  In  order  to  get  a clear  idea  of 
the  complete  mode  of  operation,  let  us  assume  that  both  lock- 
chambers  are  down  at  the  lower  level,  and  empty,  as  they  will  be  at 
the  end  of  the  winter,  or  even  when  it  is  desired  to  prepare  them  for 
navigation  purposes.  Each  of  the  presses  will  be  filled  with  water 
by  the  pumps.  The  main  valve  on  the  connecting  pipe  will  be 
closed  and  water  will  be  pumped  into  one  of  the  presses  until  the  ram 
with  its  superimposed  chamber  rises  to  the  level  of  tlie  upper 
reach.  An  examination  of  the  case  will  show  that  it  is  necessary 
that  the  uppermost  chamber,  in  order  that  it  shall  be  able  in 
descending  to  cause  the  other  to  take  the  full  upward  stroke,  must 
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contain  a volume  of  water  greater  than  the  rising  chamber  contains. 
This  extra  amount  of  water  is  equal  to  the  volume  of  one  of  the 
main  rams^  since  the  change  that  takes  place  during  the  relative 
motion  of  the  two  chambers,  is  that  the  ram  of  the  descending 
chamber  becomes  constantly  immersed  while  the  other  protrudes. 
In  popular  language,  the  descending  chamber  is  losing  weight  while 
the  ascending  one  is  constantly  becoming  heavier.  It  is  also  neces- 
sary that  some  extra  weight  or  surcharge/^  as  it  is  called,  be  pro- 
vided to  overcome  the  friction  of  the  guides  and  of  the  stuffing 
boxes  of  the  main  presses.  The  area  of  each  of  the  lock-chambers 
is  so  great  that  it  requires  only  an  adaitional  depth  of  inches  to 
give  an  extra  load  of  water  of  100  tons,  which  will,  no  doubt,  be 
quite  sufficient.  The  addition  to  this  weight  will,  of  course,  have 
the  effect  of  accelerating  the  time  of  the  relative  change  in  posi- 
tion of  the  chambers.  It  is  intended  that  the  actual  time  required 
in  raising  the  chamber  through  the  whole  elevation,  will  be  about 
three  minutes.  But  this  will  depend  upon  the  adjustment  of  the 
main  gland,  the  nicety  of  the  working  of  the  guides  and  the  con- 
trolling of  the  main  valve  in  the  hands  of  the  lock-master.  In  the 
European  locks  this  part  of  the  lockage  is  readily  performed  in  three 
or  four  minutes.  Suppose  that  the  uppermost  chamber  will  be  re- 
quired to  stop,  say  with  its  floor  inches  lower  than  the  bottom  of 
the  upper  reach.  A¥hen  communication  is  established  between  it  and 
the  reach  it  will  have  a load  of  100  tons  in  excess  of  that  in  the 
lower  reach,  assuming  that  the  depth  of  water  in  the  two  reaches 
is  the  same.  Then  the  total  operations  to  perform  the  lockage,  assum- 
ing that  the  gates  adjoining  the  reaches  are  open  and  that  the  water- 
tight joint  between  the  chambers  and  the  reaches  is  made,  will  con- 
s;’st  in  hauling  the  vessel  into  the  chamber  and  mooring  her  there 
securely,  closing  the  gates,  deflating  the  water-tight  joint  and  open- 
ing the  main  valve  between  the  presses.  The  heavier  chamber  will 
commence  to  descend,  the  motion  being  allowed  to  increase  gradually 
by  the  gradual  opening  of  the  valve,  until  it  reaches  the  maximum 
speed.  At  about  three-quarters  of  the  stroke  the  main  valve  is 
slowly  closed,  communication  between  the  presses  being  entirely  cut 
off  when  the  end  of  the  journey  is  reached.  Theoretically  it  would 
appear  possible  to  have  an  ideal  surcharge  which  would  perform  the 
required  stroke  without  the  operation  of  any  valve  whatever.  The 
change  in  elevation  being  made,  the  water-tight  joints  are  again  made 
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by  the  air  tubes  between  the  chambers  and  the  adjacent  reaches,  the 
gates  are  opened  and  the  vessel  or  vessels  are  free  to  go  on  their 
journey,  after  being  towed  out  by  the  capstans.  The  surcharge  con- 
tained in  the  descending  chamber  simply  flows  out  into  the  lower 
reach,  while  a similar  quantity  to  perform  the  next  lockage  is 
admitted  into  the  chamber  which  has  just  reached  the  higher 
elevation. 

It  would  appear  that  the  hydraulic  lift  lock  possesses  many  advan- 
tages over  locks  of  the  ordinary  type.  First  of  all  it  bears  the  same 
relation  to  the  ordinary  lock  as  the  double  track  railway  does  to  the 
single,  for  one  vessel  may  be  locked  downwards  and  another  upwards 
at  the  same  time,  this  making  no  difference  whatever  to  the  lockage, 
as  the  admission  of  the  vessel  is  merely  a question  of  displacement 
of  so  much  water.  Again,  the  saving  of  time  is  an  important  item, 
for  the  total  operation  is  readily  performed  within  a space  of  twelve 
minutes,  while  with  the  ordinary  locks  an  hour  or  more  would  be 
considered  fast  work.  The  third  advantage,  and  one  which  is  of 
great  importance  where  there  is  a scarcity  of  water  in  the  upper 
reach,  is  the. small  quantity  of  water  required  to  make  the  lockage. 
In  the  ordinary  form  of  lock  the  amount  of  water  is  equal  in  volume 
to  the  area  of  the  lock  multiplied  by  the  height  through  which  the 
lift  is  made,  which  is  very  many  times  greater  than  the  quantity 
required  by  the  hydraulic  lift  lock;  indeed,  certain  conditions  of 
traffic  may  arise  which  make  it  possible  for  water  to  be  delivered 
from  the  lower  level  into  the  upper. 
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TRANSVERSE  SECTION  AT  ‘AA’ 


TRANSVERSE  SECTiON  AT 'CCHH‘ 


REPORT  OF  THE  TREASURER 


Mr.  President, — I beg  leave  to  submit  the  following  staleinent 
of  balances,  receipts  and  expenditures  for  the  period  between  April 
37th,  1901,  and  March  21st,  1902 : 

To  Balance  on  hand  April  27th,  1901 $ 219  49 

To  amount  from  advertisement  and  sale  of 

pamphlet  No.  14 .$  157  73 

collected  as  fees  of  ordinary  mem- 
bers   170  00 

“ received  from  Librarian 640  95 

received  as  life-members’  fees....  16  00 

984  68 

Total  $ 1,204  17 
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By  Balance  in  Bank  of  Commerce 142  04 
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It  might  be  well  to  bring  to  the  notice  of  the  members  the  fact 
that  very  few  of  the  graduates  pay  the  necessary  fee  to  entitle  them 
to  life  membership  and  onr  annual  pamphlet. 

Also  that  the  cost  of  our  pamphlet  far  exceeds  the  sum  received 
from  our  advertisers.  If  our  life  members  would  assist  us  in  this 
matter  we  would  soon  be  in  a position  to  make  our  publications  more 
valuable  than  they  now  are.  All  of  which  is  respectfully  submitted. 

' , Yours, 

E.  A.  James, 

Treasurer. 


AUDITORS’  REPORT 


We  hereby  certify  that  we  have  this  day  examined  the  accounts 
of  the  Treasurer,  and  vouchers  therefor,  and  find  a balance  on  hand 
of  $142.04. 

There  is  an  outstanding  debt  of  $60.49,  and  outstanding  accounts 
due  the  Society  of  $28.00. 

E.  J.  Dunlop, 

F.  D.  Henderson, 

Auditors. 


March  21st,  1902. 
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JOHN  ANDEEW  DUFF,  B.A., 

Fate  Lecturer  in  Applied  Mechanics,  Sen.  Pr.  Science. 

BY  riUNCIlAVL  GALBKAITII. 

John  Andrew  Duff  was  born  thirty-seven  years  ago  near 
the  village  of  Cookstown  in  the  Comity  of  Simcoe,  where  his 
people  had  settled  early  in  the  last  century.  He  received  his 
early  training  at  the  Collingwood  High  School,  and  entered 
the  University  of  Toronto  in  1883,  taking  first  class  honours 
in  Mathematics.  Shortly  after  this  time  he  received  a com- 
mission as  lieutenant  in  the  35th  regiment  of  Canadian 
militia.  When  the  North-West  rebellion  broke  out  in  1885 
he  served  through  the  campaign  with  K Company  (the  Uni- 
versity company)  QueeWs  Own  Eifies,  and  was  granted  his 
year,  in  common  with  other  members  of  the  company,  without 
examination  by  the  Senate  of  the  University.  He  obtained 
honours  in  1886,  and  graduated  B.A.  with  honours  in  Physics 
in  1887.  In  1886  three  companies  of  the  35th  regiment  were 
transferred  to  the  36th  and  Lieutenant  Duff  with  them.  In 
1887,  having  decided  upon  civil  engineering  as  his  profes- 
sion, he  entered  the  School  of  Practical  Science  and  gradu- 
ated in  1890.  In  1888  he  became  captain  of  No.  3 company^ 
36th  regiment,  and  in  1892  Avas  promoted  to  the  rank  of 
major.  In  1890  he  entered  the  employment  of  the  Eotary 
Steam  SnoAV  Shovel  Co.,  Paterson,  N.J.,  and  the  following 
year  Avas  Avith  the  Ncav  Jersey  Steel  and  Iron  Co.  He  Avas 
the  first  principal  of  the  Toronto  Technical  School,  and 
held  this  position  from  December,  1891,  to  September,  1891, 
Avhen  he  resigned  on  being  appointed  lecturer  in  Applied 
Mechanics  in  the  School  of  Practical  Science.  From  1891 
to  1894  he  also  served  as  felloAV  in  Applied  Mechanics  in  the 
School  of  Science.  In  1890  be  joinect  the  Canadian  Society 
of  Civil  Engineers  as  a student,  and  Avas  transferred  to  the 
rank  of  associate  member  in  1896.  He  Avas  also  a member 
of  the  Canadian  Institute  and  of  the  Engineering  Society  of 
the  School  of  Science,  and  contriliuted  valuable  papers  to  the 
transactions  of  these  societies.  A portion  of  his  Avork  in 
Avliich  he  took  special  interest  Avas  the  construction  of  roads 
and  pavements.  In  tins  connectioji  he  had  begun  an  investi- 
o-ation  of  the  resistance  and  endurance  of  various  road  and 
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street  coverings.  The  last  testing  machine  which  he  set  up 
in  his  laboratory  Avas  an  abrasion  measuring  apparatus  for  use 
in  this  work.  Shortly  after  his  appointment  he  became  in- 
terested in  Forestry  and  the  investigation  of  Canadian  tim- 
bers, and  began  systematizing  the  timber  tests  carried  on  in 
the  school  along  the  lines  originated  by  Bauschinger  and  de- 
veloped in  the  United  States  by  the  late  Professor  I.  B.  John- 
son in  connection  Avith  the  United  States  Timber  Tests/" 
inaugurated  in  1891  by  Dr.  B.  E.  FernoAv.  Just  before 
closing  his  active  connection  Avith  the  school  Mr.  Duff  Avas 
engaged  in  preparing  a laboratory  for  making  time  tests  of 
the  strength  and  elasticity  of  timber,  a most  important  branch 
of  the  subject.  The  limited  number  of  experiments  Avhich  have 
been  made  seem  to  indicate  that  the  strength  of  timber  under 
long  continued  loads  is  but  little  more  than  half  that  indicated 
by  the  ordinary  tests.  It  is  to  be  hoped  that  these  investiga- 
tions, so  unfortunately  broken  off,  may  l)e  soon  resumed.  In 
the  session  1898-99  he  organized  a system  for  examining  the 
conditions  of  growth  of  the  pine  timber  of  the  Algonquin 
Park,  and  selecting  and  marking  trees  for  testing  in  the  labor- 
atories of  the  school.  He  spent  a part  of  the  summer  of  1900 
and  the  Avinter  and  spring  of  1901  in  Algonquin  Park  carry- 
ing out  this  AAmrk,  as  Avell  as  his  diminishing  strength  Avould 
permit,  but  Avas  obliged  to  relinquish  it  and  try  a change  of 
scene.  He  spent  the  summer  of  1901  in  Avestern  Alberta  and 
the  mountains.  In  October,  1901,  he  made  a brave  endeavour 
to  resume  his  work  at  the  School,  but  the  strain  Avas  too  great 
for  his  Aveakened  frame.  He  Avent  to  his  home  at  Cookstown, 
where  he  lived  Avith  his  brother,  Mr.  J.  S.  Duff,  M.P.P.,  until 
his  death,  which  occurred  on  the  night  of  March  13-13, 
the  immediate  cause  being  a hemorrliage.  He  Avas  buried 
Avith  military  honours  in  Wilson  Cemetery  on  Sunday, 
March  15  th. 

He  took  a great  interest  in  the  movement  for  reorganiz- 
ing a University  company,  of  Avhicli  the  final  outcome  Avas  the 
Toronto  Engineer  Comnany.  At  his  deatli  he  Avas  senior 
major  of  the  36th  (Peel)  regiment,  and  liad  it  not  been  other- 
Avise  ordained,  Avould  in  ordinary  course  have  become  lieu- 
tenant-colonel in  command  in  January,  1904,  on  the  retire- 
ment of  Lieutenant-Colonel  G.  T.  Evans  through  effluxion  of 
time. 
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In  1889-90,  his  last  year  as  a student,  he  was  president  of 
the  Engineering  Society  of  the  school.  hTo  better  picture  of 
the  thoughtful  and  sympathetic  nature  of  the  man  can  he 
presented  than  the  one  unconsciously  traced  by  himself  in  his 
presidential  address  to  the  society.  Naturally  reserved  and 
self-contained,  he  was  yet  a favourite  wherever  his  lot  was 
cast.  As  student  or  teacher,  in  the  camp  or  on  the  farm, 
everyone  had  a good  word  for  John  Duff.  Unselfish  and 
kindly,  he  never  spared  himself  to  serve  a friend.  He^  loved 
little  children,  birds  and  animals,  and  studied  their  ways  with 
curious  interest.  A keen  sense  of  humour  saved  him  from 
taking  men  and  things  too  seriously.  Of  the  mental  fibre 
of  a Stoic  philosopher,  his  outlook  on  life  was  wonderfully 
sane  and  temperate. 

In  one  respect,  however,  philosophy  was  of  no  avail:  de- 
votion to  duty  became  with  him  an  uncontrollable  passion. 
Always  busy,  he  was  never  content  however  well  done  his  self- 
allotted  task  might  be.  Eegrets  now  are  useless ; it  is  difficult 
nevertheless  not  to  feel  that  he  might  still  have  been  with  us 
had  he  been  more  sparing  of  his  strength.  His  ideal  may 
best  he  expressed  in  the  words  he  seemed  to  have  made  his 
own : 

^^And  only  the  Master  shall  praise  us,  and  only  the  Master 
shall  blame ; 

And  no  one  shall  work  for  money,  and  no  one  shall  work  for 
fame. 

But  each  for  the  joy  of  the  working,  and  each,  in  his  separate 
star. 

Shall  draw  the  Thing  as  he  sees  It,  for  the  God  of  Things  as 
they  are.” 
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ENGINEERING  SOCIETY 


OF 

The  School  of  Practical  Science 

TORONTO. 


PRESIDENT’S  ADDRESS. 


Gentlemen  : — ■ 

It  is  with  great  pleasure  that  I take  this  'opportunity  of  thanking 
you  for  the  honor  conferred  in  electing  me  to  the  highest  position  at 
your  disposal^  namely^  President  of  the  Engineering  Society.  I thank 
you  also  for  the  energetic  committee  you  have  elected  to  assist  your 
President  in  the  transaction  of  the  business  of  the  Society,  and  it  is 
unnecessary  to  say  that  they  will  discharge  their  duties  in  a business- 
like manner. 

Having  in  mind  the  ability  of  former  Presidents  and  the  high 
standard  placed  before  me,  I feel,  gentlemen,  that  I can  but  inade- 
quately discharge  the  various  responsibilities  which  necessarily  devolve 
upon  me  in  my  present  capacity;  but  I assure  you  that  my  feeble 
efforts  have  been  and  shall  be  directed  towards  making  our  Society 
both  interesting  and  beneficial  to  all  our  members.  Our  Society  has 
had  such  a phenomenal  growth  that  now  we  have  a membership  in  the 
neighborhood  of  350,  not  including  life  members.  If  success  depended 
on  me  alone,  failure  would  be  sure  to  follow,  but  with  the  co-operation 
of  the  members  of  such  a Society,  success  is  inevitable.  I ask  yon 
therefore,  gentlemen,  to  give  your  committee  every  possible  assistance 
in  making  our  meetings  a success. 

We  are  glad  to  have  the  opportunity  of  extending  the  hand  of 
welcome  to  the  gentlemen  of  the  first  year  who  have  recently  become 
members,  and  we  want  them  to  recognize  the  fact  that  the  Society  is  as 
much  for  them  as  for  the  meml)ers  of  the  senior  years. 


S.P.S. 
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A number  of  things  in  connection  with  the  Society  might  be  re- 
ferred to,  but  they  have  been  so  often  enlarged  upon  by  former  Presi- 
dents that  I feel  like  passing  them  over.  However,  a few  are  of  such 
importance,  that  I find  it  necessary  to  refer  to  them,  especially  for 
the  benefit  of  the  members  of  the  first  year. 

The  purpose  of  the  Society,  as  its  name  suggests,  is  the  investiga- 
tion and  discussion  of  all  subjects  of  an  engineering  nature,  and  the 
cultivation  of  a spirit  of  mutual  assistance  among  its  members.  Be 
ready  to  discuss  the  subject  before  the  meeting  at  any  time;  and  if  you 
can  prepare  a paper  on  any  engineering  subject,  do  so  and  read  it  for 
us.  Should  you  know  any  one  who  could  assist  us,  I will  be  pleased 
to  make  the  necessary  arrangements. 

At  the  present  time  an  event  of  great  importance  to  the  students 
of  the  School  of  Practical  Science,  and  in  fact  to  the  people  of 
America,  is  taking  place.  I refer  to  the  new  building  in  connection 
with  the  Faculty  of  Applied  Science  of  Toronto  University.  From 
present  indications  the  members  of  the  fourth  year  will  not  reap  much 
benefit  from  it,  but  every  graduate  rejoices  at  the  prosperity  of  his 
Alma  Mater.  This  is  certainly  a good  sign  of  the  times,  namely,  more 
advanced  technical  education.  Professor  Dewar,  an  authority  on  prac- 
tical chemistry,  in  an  address  before  the  British  Association,  which 
met  recently  at  Belfast,  remarked  that  England  had  lost  many  great 
industries  owing  to  the  lack  of  education  among  the  so-called  educated 
classes.'’^  He  payed  a great  tribute  to  the  German  Universities,  and 
confesses  that  the  German  population  has  reached  a point  of  general 
training  and  specialized  equipment  which  England  could  not  attain 
without  two  generations  of  hard  and  intelligent  work.^^  We  are  glad 
to  note  that  Canada  is  taking  the  proper  steps  to  be  in  line  with  other 
progressive  countries  in  the  matter  of  technical  education. 

The  Engineering  Department  of  Toronto  University  occupies  a 
very  important  position  in  that  institution  and  this  is  due  to  a very 
great  extent  to  the  executive  ability  and  persevering  efforts  of  Prin- 
cipal Galbraith.  All  graduates  and  undergraduates  were  pleased  to 
see  that  the  Senate  of  the  University  recognized  his  efforts  by  con- 
ferring upon  him  the  degree  of  LL.D.  honoris  causa. 

The  Rise  and  Progress  of  Engineering." 

I assure  you,  gentlemen,  that  I had  some  difficulty  in  deciding 
upon  a subject  on  which  to  write  an  address,  as  former  Presidents  have 
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written  on  the  subjects  suitable  for  such.  After  due  consideration  I 
resolved  to  give  a short  account  of  the  Kise  and  Progress  of 
Engineering/^  dealing  chiefly  with  the  former.  Being  limited  in  space 
I must  of  necessity  be  very  concise  in  my  remarks. 

As  members  of  the  engineering  profession  we  should  be  more  or 
less  familiar  with  its  early  history,  and  also  that  of  the  men  who 
elevated  it  to  the  place  of  a distinct  profession.  As  the  history  of  a 
nation  is  that  of  its  prominent  men,  so  the  history  of  engineering  is 
that  of  its  prominent  engineers.  It  is  within  recent  times  that  en- 
gineering became  a distinct  profession,  yet  it  must  be  admitted  that 
it  is  one  of  the  oldest,  if  not  the  first,  to  which  men  turned  their 
attention.  Our  universe  is  governed  on  sound  engineering  principles, 
and  its  Creator  established  laws  which  are  infallible.  Creation  itself 
was  the  first  work  of  an  engineering  nature.  The  function  of  the 
engineer  is  to  utilize  the  forces  of  nature  for  the  benefit  of  mankind. 
Thus  since  creation  we  have  always  had  engineers  whether  designated 
as  such  or  not. 

The  mind  is  always  attracted  by  that  period  in  the  world^s  history 
with  which  are  coupled  the  great  names  of  antiquity,  and  by  reading 
such  the  engineer  learns  many  interesting  and  instructive  lessons.  It 
is  instructive  to  note  the  condition  of  affairs  at  this  period  among  our 
forefathers  from  an  industrial  point  of  view,  and  to  trace  the  cause  of 
the  many  mechanical  improvements  made  from  time  to  time. 

During  the  dark  ages  in  any  nation’s  life,  few,  and  indeed  very 
rude,  are  the  instruments  used  by  its  people,  but  as  they  emerge  from 
the  cloud  of  barbarism,  and  civilization  dawns,  improvements  appear 
and  the  operations  of  daily  life  are  performed  with  less  manual  labor. 

The  Oriental  nations,  such  as  the  Chinese  and  Hindoos,  attained 
a comparatively  high  state  of  civilization  more  than  a thousand  years 
before  the  Christian  era.  The  plough,  the  spindle  and  the  loom  have 
been  known  from  the  earliest  times,  and  many  branches  of  Science, 
as  Astronomy,  Geometry  and  Mathematics,  were  cultivated.  What  is 
the  reason  then  that  more  rapid  advancement  has  not  been  made? 
In  fact,  for  many  centuries,  instead  of  the  countries  becoming  more 
civilized  and  thus  more  progressive,  they  seem  to  have  drifted  back  to- 
wards barbarism.  The  reason  is  not  found  in  the  natural  deficiencies 
of  the  people,  nor  from  the  want  of  the  higher  powers  of  intellect 
which  constitute  genius  in  every  age ; but  in  the  principles  of  govern- 
ment united  with  the  religious  teachings  of  the  times.  Wherever  the 
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above  conditions  liold^  the  inventive  faculties  are  always  deadened  and 
the  energies  paralyzed. 

Egypt  is  an  example  of  a country  where  a high  degree  of  civiliza- 
tion was  attained  at  an  early  period,  and  where  the  arts  flourished; 
while  at  the  present  time  there  remain  but  the  ruins  of  its  temples, 
.pyramids,  and  many  public  buildings,  which  show  that  the  people 
cultivated  practical  science,  and  that  there  were  engineers  who  applied 
it  in  the  construction  of  those  memorials  of  antiquity.  According  to 
different  authorities  the  pyramids  of  Egypt  date  back  from  2,700  to 
3,700  years  B.  C.,  and  they  are  generally  considered  to  be  among  the 
earliest  constructions  where  the  services  of  the  engineer  were  engaged. 

The  early  inhabitants  of  Egypt  made  considerable  progress  along 
industrial  lines.  The  remains  of  their  rich  and  distinguished  men  art# 
found  to  be  shrouded  in  linen,  thus  indicating  that  they  had  discovered 
the  art  of  weaving  and  spinning.  Also  in  their  agricultural  pursuits 
they  resorted  to  irrigation. 

After  the  Egyptians  we  come  to  the  Greeks,  who  surpassed  all 
others,  ancient  or  modern,  in  the  refinements  of  architecture  and 
sculpture.  To  this  people  we  owe  the  true  principles  of  harmony  and 
beauty  of  design.  They  were  original  in  their  conceptions  and  made 
the  study  of  nature  the  high  road  to  perfection.  Symmetry  in  the 
development  of  natural  forms  was  the  criterion  by  which  the  artist 
was  judged.  With  all  our  boasted  powers  of  invention,  no  order  of 
architecture  has  ever  been  originated  to  be  at  all  compared  with  any 
of  the  fine  orders  handed  down  to  modern  nations  by  the  noble  Greeks. 

It  is  very  unfortunate  for  the  cause  of  Scientific  Engineering  that 
the  constant  wars  carried  on  by  the  Greeks  against  the  Macedonians 
and  other  powers  seem  to  have  sapped  their  liberty  from  them,  and  to 
destroy  every  hope  of  further  development  in  the  art  of  architecture, 
leaving  them  in  a position  to  be  easily  conquered  by  the  Eomans,  who 
practically  became  masters  of  Europe. 

For  many  works  of  art  and  of  a mechanical  nature  we  are  in- 
debted to  the  Eomans.  Water,  as  a motive  power,  was  first  utilized  by 
them  in  grinding  corn  and  pumping  water.  However,  generally  speak- 
ing, all  works  of  an  engineering  nature,  carried  on  under  Eoman  rule, 
were  executed  by  foreigners,  either  Greeks  or  Tuscans.  The  chief 
object  of  the  Eomans  was  the  gratification  of  their  desire  for  pleasure. 
They  had  magnificent  edifices  and  monuments  constructed,  which  are 
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still  to  be  seen  in  Italy.  In  England^  also^  the  roads  and  causeways 
built  by  the  Eomans  in  Caesar’s  time  are  yet  to  be  seen.  Notwith- 
standing the  fact  that  many  yyorks  of  an  engineering  nature  were  con- 
structed by  the  Eomans^  the  luxury  and  indolence  of  the  people  result- 
ed in  a period  of  stagnation  in  Science,  and  ultimately  in  the  fall  of 
the  Eoman  Empire. 

For  almost  a thousand  years  after  the  downfall  of  Eome  little 
attention  was  paid  to  the  science  of  engineering  in  Europe.  As  engi- 
neering goes  hand  in  hand  with  civilization,  we  are  not  surprised  that 
this  period  is  called  the  dark  ages.  About  the  middle  of  the  fifteenth 
century,  however,  the  light  of  civilization  began  to  dawn  again,  and  it 
was  about  the  time  of  the  birth  of  Michael  Angelo,  one  of  the  world’s 
most  famous  painters,  sculptors  and  architects,  that  the  tide  changed. 

Galileo,  as  the  representative  of  theoretical  and  experimental 
science,  followed  Michael  Angelo,  and  to  him  we  owe  the  telescope  and 
pendulum,  afterwards  applied  by  his  son  to  the  regulation  of  time- 
keepers. His  discoveries  revolutionized  the  science  of  Astronomy. 

At  this  period  we  may  say  that  modern  engineering  begins.  The 
Marquis  of  Worcester  in  his  Century  of  Inventions,”  announced  the 
gteani-engine,  although  steam  as  a motive  power  was  used  many  cen- 
turies previous  to  this  in  the  form  of  the  steam  turbine,  a branch  of 
mechnical  engineering  that  is  receiving  a great  deal  of  attention  at  the 
present  time.  The  Marquis  had  an  engine  of  about  two-horse  power 
built,  which  was  used  for  pumping  water  from  the  Thames.  How- 
ever crude  the  invention,  it  must  be  regarded  as  the  starting  point 
from  which  the  modern  steam-engine  was  developed. 

Captain  Savery  introduced  steam  generally  as  a means  of  raising 
water.  This  was  accomplished  by  means  of  two  receivers  and  two 
boilers. 

In  1705  Newcomen  introduced  a new  engine  which  was  more 
economical  than  Savory’s,  and  known  as  the  atmospheric  engine.  In 
1775  Smeaton  constructed  an  engine  on  the  same  principle  as  that  of 
Newcomen.  The  great  waste  of  fuel  and  steam  brought  Watt’s  in- 
ventive genius  into  play,  and  ultimately  led  to  the  discovery  of  the 
double-acting  steam-engine  of  modern  times.  In  the  earlier  engines 
the  valves  were  worked  by  hand,  but  by  tlie  ingenious  contrivance  of 
a lad,  Humphrey  Potter,  strings  were  attached  to  the  valves,  which 
were  then  opened  and  closed  by  the  meclianism  of  the  engine.  After- 
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wards  the  strings  were  replaced  by  gears,  which  made  the  engine  self- 
acting. 

Up  to  the  year  1750  in  the  history  of  Engineering  the  title  of 
Civil  Engineer  was  unknown  in  the  vocabulary  of  Science.  We  must 
not  conclude,  however,  that  there  were  no  engineers,  but  engineering 
as  a distinct  profession  was  not  established  till  the  time  of  Brindley 
and  Smeaton.  Previous  to  this,  all  works  of  an  engineering  nature 
were  carried  on  by  architects  and  millwrights. 

John  Smeaton,  who  lived  from  1724  to  1792,  may  be  called  the 
father  of  modern  engineering.  In  early  life  he  was  a barrister,  but  his 
natural  propensities  were  along  other  lines.  He  acquainted  himself 
with  practical  mechanics,  and  had  the  genius  to  apply  them  success- 
fully in  the  construction  of  public  works.  Before  his  time  Great 
Britain  was  devoid  of  bridges,  canals  and  hydraulic  works.  He  also 
introduced  blowing  machinery  into  iron  works.  The  work  which  de- 
manded the  greatest  engineering  ability,  and  which  stands  to-day  as  a 
proud  monument  to  his  fame,  unmoved  by  the  storms  of  more  than  a 
hundred  years,  was  the  Eddystone  Lighthouse.  It  was  Smeaton^s 
greatest  work,  and  is  considered  among  the  most  arduous  undertak- 
ings that  have  fallen  to  any  engineer. 

After  completing  the  Eddystone  Lighthouse  in  1759,  he  read  a 
paper  before  the  Eoyal  Society  on  An  Experimental  Enquiry  con- 
cerning the  Native  Powers  of  Water  and  Wind  to  turn  Mills  and  other 
Machines  depending  on  Circular  Motion.^^  From  this  time  he  was 
recognized  as  an  engineer  of  undoubted  ability,  and  he  was  consulted 
on  almost  all  projects  within  the  province  of  engineering.  “ He  was 
an  incessant  experimenter,^^  and  James  Wall,  his  contemporary,  once 
remarked  that,  His  example  and  precepts  have  made  us  all  en- 
gineers.” His  success  was  due  to  the  fact  that  he  never  trusted  to 
chance,  nor  yet  did  he  base  his  constructions  on  theory  alone,  but 
where  possible  he  founded  his  constructions  on  experiments. 

In  the  same  field  of  study  was  Brindley,  one  of  nature^s  own  en- 
gineers, who  commenced  life  as  a millwright  with  practically  no  educa- 
tion, but  who  by  his  indomitable  perseverance,  has  left  behind  him 
lasting  monuments  of  his  resources.  He  is  called  “ the  father  of  in- 
land canal  navigation  in  England.”  He  was  also  engaged  in  the  con- 
struction of  millwork  and  water  engines  used  in  raising  coal  from 
mines.  He  also  constructed  a steam-engine  at  New-Castle-under- 
Tyne,  but  we  are  not  informed  as  to  hoAv  it  worked.  The  scheme  was 
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opposed  and  defeated  by  some  interested  competitors.  The  crowning 
efforts  of  his  life,  however,  were  the  building  of  the  Great  Bridgewater 
Canal  and  the  Viaduct  across  the  Irwell,  at  a height  of  forty  feet 
above  the  river.  In  addition  to  these  we  are  indebted  to  this  genius  for 
the  penetration  of  mountains  by  tunnels. 

While  Smeaton  and  Brindley  were  engaged  in  the  construction  of 
public  works,  other  minds  were  at  work  along  other  lines,  and  to  them 
we  owe  the  new  era  in  mechanical  progress.  The  name  of  James  Watt 
is  quite  familiar  to  every  engineer  as  it  is  stamped  as  indelibly  upon 
the  steam-engine  as  Newton^s  is  upon  the  law  of  gravitation.  The 
earlier  steam-engines  may  be  regarded  as  steam-pumps,  with  that  of 
Hewcomen  as  the  connecting  link  between  the  steam -pump  and  the 
modern  engine.  Brindley,  Smeaton,  and  other  engineers,  improved 
Newcomen^s  engine,  which  remained  in  use  till  the  beginning  of  last 
century;  but  in  effect  it  remained  the  same  until  the  time  of  Watt, 
the  result  of  whose  labors  has  been  a harvest  of  wealth,  prosperity, 
and  ingenuity,  without  a parallel  in  the  history  of  the  world.^^  J ames 
Watt  was  born  at  Greenock,  Scotland,  in  1736,  and  being  of  rather 
delicate  health  was  allowed  to  choose  his  own  occupations  and  amuse- 
ments. His  father  was  a mechanical  instrument  maker,  the  use  of 
whose  tools  young  Watt  soon  mastered.  He  was  afterwards  sent  to  a 
commercial  school  where  he  studied  classics  and  mathematics,  being 
very  successful  in  the  latter.  At  the  age  of  twenty  he  became  mathe- 
matical instrument  maker  to  Glasgow  University,  and  there  he  drew 
around  him  many  friends,  one  of  whom  remarked,  “ I saw  a workman, 
and  expected  no  more;  but  was  surprised  to  find  a philosopher  as 
young  as  myself,  and  always  ready  to  instruct  me.^^ 

About  the  year  1763,  with  one  of  Hewcomen^s  engines,  belonging 
to  Glasgow  University,  as  a model.  Watt  turned  his  inventive  facul- 
ties to  the  steam-engine,  and  the  result  was  first  the  single-acting  and 
afterwards  the  double-acting  steam-engine.  True,  it  was  in  existence 
before  his  time,  but  it  was  neither  economical  nor  practical;  and  it  re- 
mained for  him  to  improve  it  so  as  to  give  it  both  these  characteris- 
tics. It  is  in  principle  to-day  what  it  was  when  it  left  the  hands  of 
Watt.  It  has  still  the  same  mechanical  organization  although  moulded 
info  a great  variety  of  forms. 

In  1800  he  retired  from  active  work,  but  busied  himself  witli 
several  inventions  and  the  application  of  steam  to  the  presses.  He  re- 
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tained  his  intellectual  vigor  till  the  time  of  his  deatlg  which  occurred 
at  Heathfield  in  1819. 

Closely  identified  with  the  history  of  the  steam-engine  is  that  of 
'George  Stevenson^  at  one  time  a locomotive  stoker,  but  subsequently 
the  originator  of  the  railway  system.  Locomotives  came  into  use  in 
1804,  and  during  the  next  20  years  the  speed  was  raised  from  4 to  7 
miles  an  hour.  The  learned  men  of  the  time  considered  a higher  speed 
impossible,  hut  where  learning  failed,  natural  genius  triumphed  when 
Stevenson  invented  the  tubular  boiler  and  thus  raised  the  speed  from 
7 to  30  miles  an  hour.  His  inventions  came  at  the  right  time  and  set 
the  question  of  the  railway  and  the  locomotive  engine  at  rest  forever. 
The  two  great  principles  which  made  the  locomotive  a success  were 
the  sufficiency  for  traction  of  the  smooth  rail  and  wheel,  and  the  appli- 
cation of  the  steam-blast  up  the  chimney.  The  problem  of  making  the 
smooth  wheel  adhere  to  the  smooth  rail,  or  in  the  language  of  Steven- 
son, of  making  them  man  and  wife,^^  is  due  to  the  genius  of  William 
Headley. 

The  establishment  of  the  locomotive  necessitated  the  construc- 
tion of  railways,  which  has  ever  since  formed  a very  important  branch 
of  engineering.  The  first  constructed  was  the  Liverpool  and  Man- 
chester line,  commenced  in  1826  and  completed  in  1829.  George 
Stevenson  organized  all  the  work  himself,  having  to  contend  with  the 
many  difficulties  which  present  themselves  in  railway  construction,  and 
it  is  well  to  remember  that  he  had  no  example  to  guide  him.  He  had 
hills  to  surmount,  quagmires  to  make  firm,  tunnels  to  construct  and 
upwards  of  100  bridges  to  build,  with  the  numerous  details  with 
which  the  engineer  is  quite  familiar. 

The  invention  of  the  railway  has  bestowed  more  benefits  upon 
mankind  than  anything  else  resulting  from  human  ingenuity.  It  has 
brought  profit,  comfort  and  luxury  to  all  classes,  while  its  benefits  to 
the  commercial  world  cannot  be  contemplated. 

We  have  briefly  narrated  the  triumphs  of  steam  in  its  application 
to  land  transportation,  and,  if  space  permitted,  we  might  narrate  also 
its  triumphs  as  applied  to  navigation,  mining,  the  various  industries 
and  to  the  generation  of  electricity. 

I have  attempted  a very  brief  account  of  the  lives  of  four  of  the 
most  prominent  engineers  up  to  the  beginning  of  last  century.  Many 
others  might  be  given,  but  into  the  lives  of  these  is  interwoven  the 
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history  of  engineering,  so  that,  giving  one,  necessitates  the  giving  of 
the  other.  The  engineer  starting  in  life  may  learn  many  lessons  from 
the  biographies  of  those  men,  who  elevated  engineering  to  the  plane 
of  a distinct  and  an  honored  profession. 

It  is  not  my  purpose  to  deal  with  the  progress  made  during  the 
last  century,  as  such  would  be  impossible  in  this  address.  During  this 
period  more  advancement  has  been  made  in  engineering  than  for 
thousands  of  years  previous.  The  marvels  of  the  past  century  in  the 
Science  of  Engineering  are  innumerable.  Electricity  in  its  various 
applications  is,  no  doubt,  the  wonder  of  the  age.  Discovery  followed 
discovery,  and  invention,  invention,  till  the  mere  dreams  of  scientific 
men  of  the  past  are  the  realities  of  the  present.  Looking  back  at  the 
marvellous  achievements  in  electricity,  what  canT  we  hope  for  in  the 
future  ? 

It  will  be  noted  that  the  word  Engineer  has  been  used  in  its 
broadest  sense.  In  fact  it  is  within  recent  years  that  engineers  have 
been  classified  into  Civil,  Mechanical,  Electrical  and  Mining,  and  this 
is  due  to  the  great  specialization  of  the  present  day. 

In  conclusion,  gentlemen,  whatever  department  you  devote  your 
attention  to,  have  a high  ideal,  remembering,  that  before  your  expecta- 
tions are  realized,  you  must  begin  at  the  bottom,  and.  reach  the  highest 
plane  of  your  profession  by  the  portal  of  persevering  industry. 

D.  Sinclair. 
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Chas  W.  Dill,  ^91,  A.  M.  Can.  Soc.  C.  E. 


So  much  has  been  written  on  pavements  and  paving  work  during 
the  past  few  years  that  it  is  difficult  to  give  any  new  or  original  matter 
apart  from  what  has  been  thoroughly  discussed  in  Engineering  Maga- 
zines and  Periodicals.  Owing  to  this  I have  decided  to  refrain  from 
going  into  technical  details,  as  I believe  a few  observations  derived 
from  practical  experience  will  be  equally  helpful  to  the  student  body 
of  our  school. 

‘ Asphalt. 

As  the  most  expensive,  and  perhaps  the  best  of  modern  pavements, 
I will  first  deal  with  asphalt.  In  our  construction  we  find  that  a 
thoroughly  consolidated  sub-grade  is  one  of  the  vital  requisites  of  a 
permanent  pavement  and  particular  attention  should  be  paid  to  this 
matter.  Asphalt  pavements  are  divided  into  two  classes — heavy  and 
light — so  called  because  of  the  condition  of  the  traffic  on  the  street 
to  be  paved.  The  heavy  asphalt  consists  of  a 6-inch  concrete  founda- 
tion, a granolithic  gutter  14"  wide  next  the  stone  curbing,  a binder 
course  1"  in  thickness,  and  a 2"  asphalt  surface  coat.  The  concrete  is 
composed  of  1 part  of  accepted  Portland  cement,  3 parts  of  suitable 
sand,  and  7 parts  of  clear  broken  stone.  The  following  are  some  of  the 
requirements  of  Toronto  specifications  for  quality  of  materials.  The 
cement  is  required  to  pass  the  following  tests  made  in  the  City  En- 
gineer’s office: 

{a)  A neat  tensile  strain  of  not  less  than  150  lbs.  per  square 
inch  after  24  hours  in  water  after  “ hard  ” set,  and  400  lbs.  per 
square  inch  after  24  hours  in  air,  and  six  days  in  water;  and  a ten- 
sile strain  of  125  lbs.  per  square  inch  after  24  hours  in  air  and  six 
days  in  water,  and  190  lbs.  per  square  inch  after  one  day  in  air  and  27 
days  in  water  when  mixed,  one  part  of  cement  to  three  parts  of  stan- 
dard sand,  and  rammed  into  moulds. 
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(&)  Cement  on  being  sifted  through  a sieve  of  10^000  meshes  per 
square  inch  (wire  'No.  100  gnage),  must  not  leave  a residue  of  more 
than  10%  by  weight. 

(c)  Cement  shall  have  a specific  gravity  of  not  less  than  3.09 
nor  more  than  3.25;,  as  determined  by  a volnminometer,  and  must  be 
free  from  lumps  and  be  finely  ground. 

(d)  hleat  pats  of  cement  shall  stand  without  checking,  warping 
or  discoloration  any  recognized  tests  for  soundness. 

(e)  Cement  submitted  to  chemical  analysis  shall  not  contain 
more  than  lf%  of  sulphuric  anhydride,  nor  more  than  3%  of  mag- 
nesia (oxide). 

(/)  Color  pats  of  neat  cement  immersed  in  water  or  left  in  air 
shall  show  a uniform  color  free  from  patches  or  discoloration  or 
blotches  or  pit  holes  of  any  kind  at  the  end  of  one  day  or  one  week. 

(g)  Briquettes  of  neat  cement  shall  require  at  least  20  minutes 
to  develop  initial  set.” 

The  city  may  require  a certificate  from  the  manufacturer  to  the 
effect  that  the  cement  furnished  has  been  seasoned,  or  subjected  to 
aeration  for  at  least  thirty  days  before  leaving  the  works.  The  con- 
tractor should  always  have  on  hand,  and  keep  in  store  at  least  six 
days  before  required  for  use,  a sufficient  quantity  of  cement  for  the 
work  he  has  to  do,  so  as  to  keep  the  men  engaged  upon  it,  continu- 
ously employed  for  at  least  six  days  ahead. 

This  cement  should  be  kept  under  proper  protection  on  or  near 
the  works,  one  of  the  objects  of  this  requirement  being  that  tests 
may  be  made  of  each  batch  of  cement  at  least  five  days  before  it  is 
used. 

All  sand  required  for  concrete  should  be  free  from  dirt,  dust,  loam 
or  any  other  impurity  or  foreign  matter ; it  should  be  clean,  coarse  and 
sharp. 

All  broken  stone  should  be  solid,  compact,  suitable  in  all  respects 
and  subject  to  the  Engineer’s  approval;  no  stone  or  particle  should 
exceed  2 inches  nor  be  less  than  f inches  in  length  or  breadth.  All 
stone  should  pass  through  a 2-inch  ring,  and  should  be  screened  and 
free  from  dirt,  and  such  dust  as  may,  in  the  Engineer’s  opinion,  be 
considered  objectionable. 
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These  requirements  apply  to  all  classes  of  paving  work  in  which 
concrete  is  used. 

The  concrete  is  mixed  in  batches  of  half  a cubic  yard  on  a tight 
smooth  platform  (preferably  a sheet  iron  plate),  the  sand  and  cement 
being  thoroughly  mixed  dry,  when  sufficient  water  is  sprinkled  over  the 
mixture  to  make  a moderately  thin  mortar,  to  which  is  then  added  the 
previously  moistened  crushed  stone,  and  the  whole  mass  shovelled  up 
into  a heap  in  the  centre  of  the  platform.  The  whole  mass  is  then 
thoroughly  turned  over  again  and  mixed,  as  often  as  directed  by  the 
Engineer  or  Inspector  before  being  removed  from  the  platform.  When 
spread  on  the  street  the  concrete  is  thoroughly  rammed  with  square 
wooden  rammers,  and  the  finished  surface  made  to  conform  truly  to 
the  lines  and  levels  shown  on  the  drawings. 

The  concrete  is  sprinkled  occasionally  to  retard  setting  and  pre- 
vent cracking,  and  is  left  from  5 to  7 days  before  the  wearing  surface 
is  applied. 

On  residential  streets  with  light  traffic  a two-inch  asphalt  surface 
is  applied  on  the  concrete  foundation ( which  is  4 in.  in  thickness), 
while  on  business  streets  or  on  streets  with  street  car  tracks  a binder 
coat  of  one  inch  thickness  is  used  before  applying  the  asphalt  surface, 
the  concrete  foundation  in  these  cases  being  6 in.  in  thickness. 

Owing  to  the  long  term  of  guarantee  demanded  (10  years)  we 
do  not  go  into  particulars  relating  to  the  proportions  of  the  paving 
mixtures  nor  of  the  sand  and  stone  dust  used  in  the  mixtures,  but 
simply  make  tests  as  the  work  progresses,  as  we  feel  that  the  con- 
tractors are  vitally  interested  in  securing  the  best  possible  results,  and 
they  are  always  willing  to  correct  any  appreciable  variations  in  the 
mixtures,  etc.,  when  not  in  accordance  with  the  Engineer’s  opinion. 

When  tenders  are  received  we  require  contractors  to  state  the 
brand  of  asphalt  he  proposes  using,  and  if  necessary,  to  furnish  proper 
certificates  of  shipment,  or  other  satisfactory  evidence,  showing  the 
exact  locality  from  which  the  asphalt,  or  any  of  the  ingredients  used, 
have  been  obtained.  Samples  of  the  asphalt  and  other  ingredients  are 
required  to  be  furnished  before  being  used  on  the  paving  work,  so  as 
to  permit  proper  tests  being  made. 

The  following  are  the  requirements  as  to  quality  of  work : The 
asphalt  and  all  mixtures  therewith,  must  be  suitable  and  of  the  very 
best  quality,  subject  in  all  respects  (including  proportions)  and  at 
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any  and  all  tinies^  to  the  Engineer's  inspection  and  tests,  and  also  to 
his  approval  or  rejection;  and  shall  afford  the  City  Engineer  or  his 
agents  free  access  to  the  works  where  the  asphalt  is  treated  or  mixed, 
for  the  purpose  of  analyzing  or  inspecting  the  same.  The  same  re- 
strictions and  conditions  shall  also  apply  to  the  binder  or  cushion  coats 
used,  to  the  manner  and  method  of  mixing  and  of  laying  the  same, 
or  of  any  of  them,  all  of  which  must  be  performed  and  done  in  the 
very  best  and  most  approved  manner,  and  with  suitable  and  approved 
plant,  by  qualified  and  skilled  persons,  who  have  had  sufficient  exper- 
ience in  such  operations  in  the  Engineer’s  judgment,  to  justify  their 
employment  in  or  about  the  works,  or  in  any  way  in  connection  there- 
with.’’ 

Asphalt  should  be  laid  only  in  dry  and  suitable  weather  on  a per- 
fectly dry  foundation  which  should  always  be  swept  off  perfectly  clean 
immediately  before  applying  either  the  binder  course  or  the  wearing 
surface.  Experience  has  shown  that  the  paving  mixture  at  a temper- 
ature of  even  300°  Eahr.  does  not  evaporate  the  moisture  properly 
before  chilling  the  surface  in  contact  with  the  damp  concrete  and  in 
that  way  prevents  a bond  between  the  foundation  and  wearing  surface. 
Naturally  this  is  a hardship  at  times,  as  the  contractor’s  plant  may  be 
several  miles  from  the  street  being  paved,  and  a sudden  summer 
shower  may  cause  the  loss  of  several  loads  of  paving  mixture  already 
on  the  way  from  the  plant  to  the  streetwork. 

For  years  on  all  streets  paved  with  asphalt  the  asphalt  wear- 
ing surface  was  carried  to  the  stone  curb  forming  the  gutter  also, 
but  in  most  cases  the  water  rotted  the  asphalt  along  the  curb,  causing 
the  mixture  to  rapidly  distintegrate.  To  prevent  this  a concrete 
(granolithic)  gutter  from  14  in.  to  16  in.  in  width  was  substituted 
which  has  removed  this  trouble.  This  concrete  is  laid  on  the  concrete 
foundation,  and  is  composed  of  2 parts  of  cement  to  3 parts  of  ap- 
proved crushed  granite,  no  particle  of  which  shall  be  over  f in.  in 
length  or  breadth.  The  surface  of  the  concrete  gutter  is  kept  ^ in. 
lower  than  the  asphalt  so  as  to  ensure  that  no  water  remains  in  con- 
tact with  the  asphalt.  On  streets  with  light  travel  a further  change 
was  made  some  three  years  ago  in  adopting  a combined  concrete  curb 
and  gutter.  This  makes  a very  neat  appearance,  and  as  it  is  laid 
on  the  concrete  foundation  of  the  street  it  makes  a complete  bond 
across  the  street  from  curb  to  curb.  It  has  an  additional  advantage 
in  reducing  the  cost  of  construction  quite  materially. 
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• Bituminous  Macadam. 

Bituminous  macadam  because  of  its  similarity  to  asphalt  natur- 
ally comes  next,  and  in  this  I will  also  include  tar  macadam.  The 
tar  macadam  being  older  and  leading  up  to  the  bituminous  macadam 
should  be  taken  up  first.  It  consists  of  an  ordinary  broken  stone 
macadam  foundation  with  one  or  more  layers  of  stone  coated  with  tar 
or  a mixture  of  tar  and  paving  pitch. 

Our  standard  tar  macadam  pavement  is  laid  on  residence  streets 
with  only  ordinary  traffic,  and  consists  of  8 inches  of  broken  stone, 
the  upper  4 inches  of  which,  consisting  of  two  layers,  are  treated 
with  a mixture  of  tar  and  paving  pitch.  The  sub-grade  foundation  is 
prepared  and  rolled  as  for  any  other  pavement  and  a 4-in.  layer  of 
coarse  broken  stone,  no  particle  of  which  should  exceed  4 inches 
in  length  or  breadth,  and  not  more  than  5 per  cent,  should  be 
less  than  If  inches.  After  being  evenly  spread  so  as  to  present  a uni- 
form surface  it  should  be  rolled  with  the  steam  roller  to  thoroughly 
bed  the  stone,  after  which  a layer  of  coarse,  clean  sand  is  spread  upon 
it,  sufficient  to  fill  all  voids  and  the  surface  then  well  wet  and  rolled, 
more  stone  and  sand  being  applied  where  and  as  required,  and  the 
rolling  and  watering  continued  until  an  even,  hard,  and  uniform 
surface,  conforming  to  the  required  lines,  levels,  and  cross-section, 
is  obtained.  The  first  course  of  tarred  stone  3 in.  in  depth,  com- 
posed of  good,  hard,  tough  limestone,  14  in.  in  greatest  length  or 
breadth,  not  more  than  5%  of  which  should  be  less  than  f-in.,  mixed 
with  paving  pitch  and  tar,  is  then  spread  evenly  and  raked  if  necessary 
to  give  a uniform  surface,  and  thoroughly  rolled,  after  which  the  top 
course  of  tarred  stone  one  inch  in  depth,  composed  of  good  hard,  tough 
limestone,  as  nearly  uniform  in  size  as  possible,  no  particle  being  more 
than  -J-in.  nor  less  than  J-in.  in  length  or  breadth,  mixed  with  paving 
pitch  and  tar,  is  then  spread  and  evenly  raked,  after  which  it  is  thor- 
oughly rolled.  A thin  uniform  coating  of  stone  screenings  is  then 
spread  over  the  surface  and  thoroughly  rolled  so  as  to  fill  all  inter- 
stices, the  rolling  being  continued  until  the  surface  is  perfectly  hard, 
compact  and  even,  and  the  surface  of  the  top  course  of  stone  (not 
including  the  covering  of  limestone  dust)  must  not  in  any  place  be 
below  the  lines  and  levels  shown  on  the  cross-section  plan,  nor  be 
more  than  1 inch  above  the  same. 

The  tar  must  be  coal  gas  tar,  as  other  tars  have  not  the  proper 
qualities  for  this  work,  and  the  paving  pitch  is  a tar  product  from 
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which  have  been  distilled  certain  other  products  at  a high  temperature. 
The  stone  to  be  tarred  should  be  heated  on  an  iron  floor  under  which 
are  flues  from  a Are  until  the  moisture  is  driven  out.  The  coal  gas 
tar  should  be  added  to  the  previously  melted  paving  pitch  in  equal 
quantities  by  weight,  and  the  mixture  heated  in  large  iron  kettles  (of 
at  least  50  gallons  capacity) . The  heated  mixture  should  then  be  added 
to  the  stone,  handling  with  buckets  from  a faucet  being  the  simplest 
and  easiest  method,  and  the  whole  mass  heaped  together  and  mixed 
until  each  particle  of  stone  is  thoroughly  coated  and  the  mixture 
drawn  and  spread  on  the  street  while  hot.  Experience  has  shewn  that 
a cubic  yard  of  stone  requires  about  eleven  imperial  gallons  of  the  tar 
and  paving  pitch  mixture  to  ensure  thorough  coating.  The  presence 
of  water  in  the  tar  will  cause  the  mixture  to  froth  and  foam  and  conse- 
quently deceive  one  in  regard  to  the  quantity  required.  The  difficulty 
in  securing  proper  tar  and  paving  pitch  for  this  pavement,  the  infer- 
ior kinds  showing  a lack  of  life  and  elasticity  so  essential  to  the 
permanency  of  a pavement,  led  certain  parties  to  experiment  with 
different  mixtures  with  a view  to  prolonging  the  ^^life^^  of  the  tar 
macadam,  and  these  experiments  resulted  in  a patent  tar  macadam 
pavement  being  introduced  in  the  States  under  the  name  of  War- 
ren’s Bituminous  Macadam  Pavement.”  The  more  essential  points 
of  difference  being,  (1)  the  broken  stone  foundation  is  coated  with  a 
patent  composition  to  ensure  a bond  with  the  succeeding  layer  of 
coated  stone,  instead  of  the  sand  filling  as  in  the  tar  macadam.  (2) 
The  wearing  surface  2J-in.  thick  is  composed  of  a mixture  of  broken 
stone  ranging  in  size  from  2-in.  to  an  impalpable  powder  mixed  with 
sand  in  certain  proportions  to  as  far  as  possible  eliminate  the  voids. 
This  stone  is  mixed,  preferably  in  a rotary  meehanical  dryer,  at  a tem- 
perature of  about  250°  Fahr.,  and  passed  through  a revolving  screen, 
to  enable  proper  proportioning  and  measuring  of  the  several  sizes. 
Each  grade  of  the  mineral  aggregate  selected  and  mixed  is  then  thor- 
oughly coated  and  surrounded  with  another  patent  bituminous  mix- 
ture so  as  to  fill  all  the  voids  in  the  mineral  aggregate.  The  whole 
mixture  is  hauled  to  the  street  in  its  heated  condition,  and  there  spread 
on  the  prepared  foundation  to  such  depth  that  after  thorough  com- 
pression with  a steam  roller  it  shall  have  a depth  of  2J  inches.  After 
the  rolling  of  the  wearing  surface  is  spread  a thin  coating  of  patent 
drying  bituminous  flush  coat  composition,  the  purpose  being  to  thor- 
oughly fill  any  unevenness  or  honeycomb  which  may  be  on  the  sur- 
face of  the  coarser  mixture.  Fine  sand  is  then  worked  or  squeezed  ” 
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into  the  surface  until  all  surplus  flush  coat  composition  has  been  taken 
(or  dried)  up  by  it,  and  all  surplus  sand  then  removed  with  stiff 
brooms.  A thin  layer  of  stone  chips,  depending  in  coarseness  on  the 
rate  of  grade  of  the  street,  is  then  rolled  into  the  surface  for  the 
purpose  of  giving  a surface  which  will  not  be  slippery. 

In  all  tar  macadam  (bituminous)  work  it  is  very  essential  that 
each  layer  be  kept  free  from  dirt  and  moisture  so  as  to  ensure  a good 
bond  between  layers. 

The  bituminous  pavement  is  claimed  to  be  more  durable  in  every 
way  than  the  ordinary  tar  macadam,  but  has  a less  depth  of  stone,  viz., 

inches  as  against  8 inches,  and  only  2^  inches  of  bituminous  wear- 
ing surface  compared  with  4 inches  in  the  tar  macadam.  Time  only 
and  the  local  conditions  of  travel  will  decide  which  is  the  better  form 
of  pavement. 

Brick. 

Brick  pavements  have  not  taken  a strong  hold  on*  public  favor  on 
residence  streets,  because  of  the  increased  noisiness  under  traffic,  but 
brick  has  been  used  extensively  in  paving  business  streets  with  heavier 
traffic,  and  for  paving  street  railway  track  allowances.  Some  years 
ago  brick  was  laid  on  old  macadam  (broken  stone)  and  gravel  founda- 
tions, owing  to  the  low  costs,  but  this  proved  to  be  a very  unsatis- 
factory method  of  construction,  as  uneven  settlements  caused  the  pave- 
ments to  become  uneven  and  rough,  and  consequently  more  nois}^  and 
also  increased  the  effects  of  the  traffic  on  the  wearing  surface  of  the 
brick.  Since  then,  however,  concrete  foundations  only  have  been  used 
4 in.  in  depth  on  residence  streets  and  6 in.  on  business  streets.  The 
concrete  is  similar  to  that  described  for  asphalt.  About  flve  days  after 
the  concrete  has  been  laid  a sand  cushion  is  placed  on  the  concrete 
foundation  of  such  a depth  as  will  be  in.  after  the  brick  are  thor- 
oughly bedded  in  place.  This  sand  should  be  clean  and  not  too  sharp, 
as  a softer  sand  will  bed  more  firmly  and  remain  more  compact.  The 
sand  should  be  spread  to  such  a depth  that  in  drawing  the  template 
(cut  to  the  exact  crown  of  the  finished  roadway)  over  it  there  should 
be  always  a surplus,  the  object  being  to  secure  a uniform  amount  of 
compression  of  the  sand  cushion.  Before  laying  the  brick  a line  of 
one-inch  boards  are  placed  edgewise  along  each  curb  to  provide  for  the 
expansion  joints  at  the  curb.  In  laying  the  brick  two  methods  are 
used,  one  in  which  the  brick  are  laid  diagonally  at  an  angle  of  about 
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30°  with  a line  at  right  angles  to  the  curb,  the  claim  being  made  that 
the  increased  surface  of  the  brick  offered  to  the  traffic  increases  the 
durability  and  lessens  the  noise;  in  the  other  method  the  brick  are 
laid  at  right  angles  with  the  curb  and  is  much  preferable  for  the 
following  reasons : Affords  a better  foothold  for  horses ; experience  has 
shown  that  the  noise  and  wear  are  not  appreciably  greater  than  with 
the  other  method;  the  expense  of  cutting  at  the  curb  and  the  waste 
of  brick  is  much  less  and  consequently  less  expensive.  The  brick  are 
laid  in  parallel  rows,  care  being  taken  to  lujt  get  the  brick  too  close 
so  as  to  permit  proper  grouting.  After  a considerable  stretch  of 
brick  work  has  been  laid^,  and  the  culls  removed^  the  brick  are  first 
swept  off  clean  and  thoroughly  rammed  with  80-pound  wooden  ram- 
mers^ having  a face  12-in.  x 12-in.  an  inch  hardwood  board  being  used 
on  the  brick  to  ensure  an  even  surface  after  ramming,  and  then  the 
surface  is  thoroughly  rolled  with  a roller  of  at  least  5 tons  weight,  all 
damaged  and  chipped  brick  being  removed  as  the  rolling  progresses, 
and  the  surface  rolled  until  it  conforms  to  the  proper  cross-section, 
and  is  even,  smooth  and  compact. 

After  being  cleaned  off  the  surface  is  well  sprinkled  with  w^ater 
and  the  first  coat  of  grout  filling  applied.  This  consists  of  one  part  of 
approved  cement  to  two  parts  of  approved  clean,  sharp  sand,  thor- 
oughly mixed  dry  and  then  mixed  in  small  quantities  with  sufficient 
water  in  a suitable  mixing  box  so  as  to  give  a grout  of  proper  fluid- 
ity when  thoroughly  mixed  and  stirred.  The  grout  is  then  instantly 
applied  to  the  pavement  and  at  once  swept  into  the  joints  with  proper 
brooms.  This  coat  of  grout  is  intended  to  fill  one-half  the  depth  of  the 
joints.  Before  this  has  had  an  opportunity  to  become  set,  a second 
coat  of  grout  consisting  of  two  parts  of  cement  to  one  of  approved 
sand  is  applied  in  the  same  manner  as  the  first,  the  only  difference 
being  that  the  grout  of  this  second  coat  should  be  thicker.  The  second 
operation  should  be  repeated  until  all  joints  are  full  and  a surplus 
of  grout  is  shown  on  top  of  the  brick,  when  an  even  layer  of  clean  sand, 
not  more  than  ^-in.  in  thickness,  is  spread  over  the  surface  and  the 
street  closed  to  all  traffic  for  from  5 to  7 days,  according  to  weather 
conditions. 

After  the  grouting  has  set  sufficiently  to  permit  the  removal  oi 
the  1-in.  boards  along  the  curbs  without  loosening  or  disturbing  the 
bricks,  the  boards  are  removed,  and  the  space  carefully  filled  with 
heated  liquid  paving  pitch,  this  elastic  material  acting  as  an  expan- 
sion joint.  In  several  American  cities  the  experiment  has  been  tried 
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of  also  providing  expansion  joints  every  50  feet  along  the  street,  but 
experience  shows  this  to  be  unnecessary  and  in  some  cases  a serious 
detriment  to  the  stability  of  the  pavement. 

The  requirements  for  our  Fo.  1 Paving  Brick  are  as  follows: 
Bricks  mast  not  be  less  than  2J-in.  x 8J-in.  x 4-in.,  and  must  be  even, 
regular  and  uniform  in  size  and  shape,  and  as  nearly  as  possible  alike 
in  color  and  appearance  throughout.  The  brick  throughout  must  be 
free-  from  cracks,  checks  or  any  imperfections,  which,  in  the  Engineer’s 
opinion,  may  unfit  them  for  use  in  the  work ; they  must  also  be  hard, 
tough,  uniform  in  texture  and  thoroughly  annealed  throughout. 

The  contractor  must  submit  sample  bricks  to  the  Engineer  for  his 
approval  at  least  three  days  before  hauling  any  to  the  vicinity  of  the 
works.  The  bricks  must  be  capable  of  standing  the  following  tests : 
— Abrasion : Any  six  bricks  must  not  lose  more  than  18  per  cent,  of 
their  weight  after  1,000,  nor  more  than  30  per  cent,  after  2,000  revo- 
lutions, when  tumbled  in  an  iron  rattler,  revolving  at  the  rate  of  26  to 
30  revolutions  per  minute,  which  rattler  contains  100  cast-iron  cubes 
(with  corners  rounded  to  about  i in.  radius),  weighing  about  eight 
pounds  each. 

The  rattler  shall  be  24  in.  in  diameter  by  36  in.  in  length,  with 
4 iron  bolts,  each  f-in.  in  diameter,  projecting  1^-in.  on  the  inside 
surface  of  the  rattler;  these  bolts  are  to  be  placed  in  the  two  opposite 
staves  (two  in  each),  staggered  in  such  a manner  as  to  prevent  the 
cubes  and  bricks  from  sliding  instead  of  tumbling.  Absorption — A 
piece  broken  from  the  centre  of  any  brick,  not  more  than  f-in.  in  thick- 
ness, and  from  60  to  120  grammes  in  weight,  is  to  be  thoroughly  dried 
and  then  immersed  in  water;  after  being  in  water  for  six  hours,  the 
increase  in  weight  must  not  exceed  two  per  cent. 

Macadam  Eoadways. 

We  divide  these  in  three  classes,  viz-,  1st,  2nd  and  3rd.  The 
1st  class  macadam  consists  of  a Telford  foundation  of  6 or  8 inch 
stone  blocks,  securely  bedded  on  a compact  foundation,  the  interstices 
being  well  spalled  up  with  stone  chips  driven  in  with  a light  stone 
hammer.  On  this  foundation  a layer  of  approved  broken  stone,  not 
more  than  5%  of  which  shall  be  less  than  If-in.,  and  no  particle  of 
stone  shall  be  more  than  3 inches  in  length  or  breadth,  is  spread  and 
raked  to  present  a perfectly  uniform  surface,  and  which  when  thor- 
oughly rolled  is  4 inches  in  depth.  This  course  is  blinded  with  a fine 
gravel,  or  a coarse  sand  which  is  well  washed  into  the  stone  and  thor- 
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oughly  consolidated  by  rolling.  The  top  course  of  approved  granite 
or  trap,  the  particles  to  be  as  nearly  uniform  in  size  as  possible,  not 
more  than  5 % being  less  than  1^-in.,  and  no  particle  being  more  than 
2J-in.  in  length  or  breadth,  is  then  laid  and  raked  to  ensure  a uni- 
form even  surface  which,  when  blinded  and  thoroughly  rolled,  shall 
be  4 in.  in  depth,  and  conform  to  the  lines  and  grades  shown  on  the 
cross-section  drawing.  The  blinding  is  done  in  the  following  man- 
ner: A layer  of  good,  clean,  coarse  sand  is  evenly  spread  over  the 
whole  surface  and  flooded  with  water  to  carry  the  sand  into  the 
voids  of  the  stone  surface,  and  the  rolling,  with  a 12-ton  steam  road 
roller,  carried  on  at  the  same  time.  Where  settlements  occur,  new  stone 
and  sand  are  added  until  the  surface  is  even,  uniform,  thoroughly 
hard  and  compact,  and  conforms  to  the  required  cross-section.  A thin 
layer  of  stone  screenings  and  limestone  dust  is  then  spread  evenly 
over  the  surface  and  permitted  to  work  into  the  surface  of  the  street 
by  the  effects  of  the  traffic.  Before  opening  the  street  to  the  traffic, 
the  surface  should  be  allowed  to  dry  out  and  become  solidified  for  two. 
or  three  days,  as  otherwise  it  cuts  up  badly.  Even  under  favorably 
conditions,  however,  there  is  at  first  a tendency  for  the  stone  to  loosen 
up,  but  this  soon  disappears  and  we  find  the  limestone  dust  combines 
with  the  sand  to  make  a very  hard,  compact  surface  filling. 

The  2nd  class  macadam  consists  of  a broken  stone  foundation 

4 in.  in  depth  after  rolling,  of  hard  suitable  stone,  which  we  specify 
as  coarse,  broken  stone,  and  in  which  we  permit  particles  as  large  as 

5 inches  in  length  or  breadth;  this  is  thoroughly  rolled  (no  blinding 
being  used)  into  the  sub-grade,  and  the  two  courses  of  broken  stone 
laid  as  described  for  the  1st  class  macadam. 

The  3rd  class  macadam  consists  of  two  4-in.  courses  of  broken 
stone,  laid  as  described  for  the  1st  class  macadam,  the  only  difference 
being  that  we  permit  of  larger  particles  of  stone  in  the  bottom  course. 

The  1st  class  macadam  is  laid  only  on  business  streets,  and 
streets  leading  from  freight  sheds,  warehouses,  etc.,  where  there  is 
very  heavy  traffic.  The  2nd  class  is  laid  on  the  better  class  of  residence 
streets,  with  moderately  heavy  traffic,  and  the  3rd  class  on  outlying 
streets  or  on  streets  with  light  traffic  only. 

The  soil  in  Toronto  is  such  that  tile  drains  under  the  curbing 
are  not  required  except  in  special  cases,  and  the  accompanying  sheet 
of  standard  cross-sections  of  our  various  pavements  indicates  clearly 
the  use  of  the  tile  drains  and  also  the  necessary  construction  and 
details  of  stone,  concrete  and  wood  curbing. 


ADDRESS  OF  W.  T.  JENNINGS,  M.I.C.E. 

[Extracts  from  the  address  of  W.  'r.  Jennings,  M.I.C.E.,  Cliair- 
man  of  the  Board  of  Examiners  in  Engineering,  Toronto  University, 
to  the  students  of  the  School  of  Practical  Science,  Toronto,  when  as- 
sembled at  their  Annual  Dinner  on  the  twenty-eighth  of  November 
last.] 

The  young  man  of  to-day  who  desires  to  obtain  a liberal  educa- 
tion with  the  object  of  advancing  through  life’s  rugged  way,”  in 
one  or  other  of  the  numerous  branches  of  Science,  has  many  advan- 
tages which  were  not  obtainable,  at  least  in  a complete  and  satisfactory 
manner,  some  thirty  years  ago,  when  Institutions  like  the  School  of 
Practical  Science,  with  its  admirable  staff,  commodious  quarters,  and 
up-to-date  equipment  were  not  known  in  this  country. 

To-day  an  earnest  student  may  at  a reasonable  expense  be  ad- 
vanced from  the  humble  country  schoolhouse  through  the  various 
educational  steps  leading  to  and  through  the  University,  which 
crowns  his  work  by  conferring  on  him  the  coveted  degree  or  hall- 
mark,” so  necessary  for  success  in  this  age  of  professional  special- 
ties.” 

The  student  in  Engineering  has  doubtless  in  many  cases  had  his 
thoughts  turned  in  that  direction  by  observing  the  success  of  those 
who  have  preceded  him,  and  he  frequently  enters  the  School  of  Science 
without  having  any  defined  course  mapped  out.  However,  after  a 
time  he  begins  to  know  himself,  and,  if  he  finds  the  general  course 
of  study  congenial  to  his  mind,  he  takes  form  and  resolves  on  the  par- 
ticular branch  of  the  profession  of  an  Engineer  most  in  keeping  with 
his  inclinations,  be  it  Hydraulic,  Mechanical,  Marine,  Electrical  or 
Mining,  or  a suitable  combination,  such  as  Mechanical  and  Electrical, 
Mining  and  Metallurgical,  and  so  on. 

If  he  be  rightly  seized  with  the  importance  of  his  decision,  as 
being  a large  factor  in  his  future,  he  will  bend  his  whole  attention 
and  energy  to  the  mastery  of  the  theoretical  and,  as  far  as  time  and 
opportunity  permit,  the  practical  features  of  his  choice. 

On  the  other  hand,  should  he  find  after  a fair  trial  that  he  has 
erred  in  his  selection  it  is  better  that  he  at  once  abandon  his  course, 
than  attempt  to  drag  along  in  an  uncertain  half-hearted  way,  as 
failure  can  only  result. 
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Diligence  in  study  and  attention  to  work  must  be  continued  long 
after  college  days  are  successfully  over — in  fact,  we  are  students 
almost  all  our  days — but  the  “ how  long  depends  largely  on  the 
individual,  not  only  on  his  skill  as  an  Engineer  in  planning  works, 
and  seeing  that  they  are  successfully  and  economically  carried  out, 
but  in  observing  and  grasping  opportunities  apparent  to  his  trained 
eye  and  mind. 

Of  all  the  professions  that  of  an  engineer  calls  for  the  highest 
standard  of  honesty  in  word  and  deed,  as  much  often  time  hinges  on 
his  opinion,  or  to  the  successful  execution  of  undertakings — be  they 
gigantic  or  petty  in  character — which  have  been  placed  in  his  hands. 

His  sense  of  honor  and  right  should  be  of  the  highest  order, 
and  he  should  be  able  to  say,  no  emphatically  to  all  schemes  of  a 
doubtful  character. 

To  his  client  he  must  be  thoroughly  loyal.  To  his  fellow  practi- 
tioners he  should  display  brotherly  love  instead  of  the  reverse,  as 
unfortunately,  occurs  in  all  professions. 

To  the  young  engineer  I would  say — Do  not  imagine  that  because  ‘ 
you  are  a college  graduate  you  know  yourself  and  your  profession  suffi- 
ciently to  warrant  the  taking  up  of  important  work  without  the  advice 
and  guidance  of  your  seniors  in  years  and  general  experience,  as  there 
are  features  other  than  those  of  a theoretical  nature  and  which  can 
only  be  acquired  by  experience;  such  as  the  commercial  aspect — the 
location  of  a railway  line  or  power  site,  the  detailed  design,  the  actual 
construction  and  the  judicious  use  of  materials,  etc. 

Do  not  give  an  engineering  opinion  on  hearsay  or  casual  remark, 
and  be  slow  in  venturing  one  at  all  until  you  are  in  possession  of  facts 
sufficient  to  enable  you  to  do  so  in  a scientific  and  creditable  manner. 

In  the  matter  of  monetary  compensation.  It  too  frequently  hap- 
pens that  the  return  for  faithful  and  successful  service  is  far  below 
a just  sum,  and  this  result  is  largely  attributable  to  the  engineers  who, 
in  many  cases,  allow  themselves  to  be  led  away  by  promises,^^  or  by 
the  fear  of  losing  a fee  on  a contemplated  work  which  they  think  will 
be  a lasting  advertisement. 

Thus  do  they  depreciate  their  professional  value  and  importance 
in  the  minds  of  clients,  be  they  individuals  or  companies,  and  until 
these  conditions  change,  by  the  united  practice  of  a recognized  code, 
the  Civil  Engineer  will  not  be  acknowledged  and  accorded  his  just 
standing,  as  a demonstrator  of  the  most  learned  profession. 


STEEL  HIGHWAY  BRIDGE  WORK  IN  ONTARIO. 


E.  H.  Darling,  ^98. 


In  addressing  this  informal  paper  to  the  members  of  the  Engin- 
eering Society,  the  writers  desire  is  not  only  to  make  it  interesting 
to  those  who  intend  to  follow  the  profession  of  Bridge  Engineering, 
but  to  more  especially  draw  the  attention  of  a much  larger  number, — 
who,  as  Municipal  Engineers,  etc.,  will  have  indirectly  more  or  less 
to  do  with  the  building  of  highway  bridges, — to  a subject,  which  on 
account  of  its  recent  development  and  supposed  insignificance,  does 
not  receive  the  study  it  ought. 

Scores  of  steel  bridges  are  now  built  every  year  in  Ontario,  and 
the  number  is  rapidly  increasing  every  year.  We  are  nearly  past  the 
experimental  stage,  and  it  has  become  a duty  of  Civil  Engineers  in 
general  to  have  some  definite  practical  knowledge  of  the  subject.  We 
shall  not  waste  time  in  going  over  any  theor}",  which  may  be  found  in 
books,  or  which  will  come  to  you  in  your  studies,  but  shall  discuss  a 
few  practical  conclusions  which  engineers  have  arrived  at  by  obser- 
vation. 

In  limiting  the  subject  to  Ontario  bridge  work  it  is  hoped  to 
make  the  paper  of  more  practical  value  to  the  Society,  especially  as 
most  literature  on  bridge  work  is  usually  very  general,  and  there  is 
little,  if  any,  which  deals  with  work  in  this  Province,  in  particular. 

The  history  of  steel  highway  bridges  in  Ontario  would  not  take 
long  to  tell.  Fifteen  years  ago,  and  perhaps  less,  what  metal  bridges 
there  were,  were  made  of  iron,  and  it  has  only  been  in  the  last 
few  years  that  the  great  improvement  in  the  manufacture  of  steel 
and  the  reduction  of  its  cost,  has  enabled  it  to  drive  iron  entirely  out 
of  the  field.  In  1887-8  there  was  a paper  read  before  the  Society 
which  contained  this  statement,  which  at  that  time  was  perfectly  true. 

Of  late  years  steel  has  been  considerably  used  in  bridges.  At 
present,  however,  the  opinion  of  leading  professional  men  is  averse 
to  using  it  altogether  in  place  of  iron,  preferring  the  less  strong  but 
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better  known  metal  for  tension  members,  or  those  subject  to  alternat- 
ing stresses,  and  using  steel  only  in  compression  members  and  in  webs 
of  plate  girders.^^  (Society  Papers  Vol.  2,  p.  44). 

Four  years  later  quite  an  interesting  discussion  arose  amongst 
the  members  of  the  American  Society  of  Civil  Engineers  over  a state- 
ment made  by  a prominent  Bridge  Engineer,  to  the  effect  that  in 
the  near  future  bridges  would  be  built  entirely  of  steel.^^  His  ex- 
pression in  the  near  future  came  in  for  considerable  mild  sar- 
casm, for  even  at  that  date — 1891 — ^there  were  large  railroad  compan- 
ies who  never  used  a pound  of  steel  in  their  bridge  work,  and  the 
most  advanced  only  in  less  important  members. 

For  us  young  graduates,  who,  when  we  entered  the  profession, 
found  the  above  prophecy  completely  fulfilled,  it  is  hard  to  realize 
that  structural  steel  has  become  popular  so  recently.  To-day  engineers 
prefer  to  use  steel  in  almost  every  instance  rather  than  iron.  Iron 
has  now  become  the  uncertain  material  although  some  still  use  it 
for  loop  bars  and  such  members  which  require  welding,  as  it  is  easier 
to  weld  than  steel,  and  for  field  rivets,  because  iron  rivets  are  easier 
to  drive  and  are  not  so  liable  to  be  injured  when  driven  at  a low 
temperature. 

The  reason  for  this  change  in  opinion  is  to  be  found  in  the  great 
improvement  made  in  the  manufacture  of  steel.  How  every  possible 
care  is  taken  to  produce  a metal  perfectly  uniform  in  its  chemical 
and  physical  properties,  and  considering  the  great  quantities  made, 
the  results  obtained  are  remarkable.  But  the  great  feature  in  the 
manufacture  is — that  the  Engineer  may  have  the  satisfaction  of  know- 
ing exactly  the  material  he  is  using.  A piece  of  steel  which  he  uses 
in  certain  members  can  be  traced  back  by  means  of  carefully  kept 
records  to  the  particular  shipment  of  ore  from  which  it  was  made,  if 
necessary.  He  can  obtain  chemical  analyses  of  the  ore,  and  the  pig 
smelted  from  it.  Another  analysis  after  it  is  converted  into  the  steel 
ingot,  and  after  it  is  rolled  into  shapes  (all  the  time  under  careful 
inspection)  he  can  have  tests  of  its  physical  properties  before  he 
uses  it.  Hor  need  his  inspection  stop  there,  for  when  the  material  is 
worked  up  into  the  structure  at  the  bridge  shops,  every  piece  may  be 
carefully  watched  for  flaws  or  had  workmanship,  and  every  rivet 
tapped  to  see  that  it  is  driven  tight.  If,  when  the  whole  structure 
is  completed,  it  fails,  the  Engineer  can  have  the  consolation  that  it 
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was  more  likely  due  to  his  bad  design  than  to  any  defect  in  the  mater- 
ial. 

After  the  usual  process  of  education,  the  rural  municipalities  and 
corporations  of  Ontario  are  beginning  to  see  the  economy  in  replacing 
their  worn-out  bridge  with  steel  structures,  and  thousands  of  dollars 
are  now  spent  annually  for  steel  bridges  all  over  the  Province.  The 
class  of  structures  they  replace  are  usually  a combination  of  wood 
and  iron — often  very  ingenious  in  design  and  in  some  cases  iron 
bridges  which  have  outlived  their  usefulness. 

Unfortunately  a steel  bridge  does  not  necessarily  mean  a god 
bridge,  and  it  is  sad  to  say  that  highway  bridge  work  in  general  is 
not  up  to  the  standard  which  the  best  authorities  set  for  it.  This 
is  in  many  cases  due  to  a false  notion  of  economy,  but  sometimes  the 
ignorance  of  the  Town  or  County  Engineer  is  more  responsible  for  it 
than  the  parsimony  of  his  client.  The  pioneers  in  steel  bridge  work 
may  be  forgiven  many  of  their  mistakes,  for  they  were  working  in  a 
new  field  with  a new  material,  but  while  it  will  be  many  years  before 
the  disputed  points  in  bridge  work  are  settled,  still  there  is  a generally 
recognized  standard  practice  which  it  is  the  duty  of  every  Engineer, 
who  has  to  do  with  bridges,  to  know. 

The  best  examples  of  highway  bridge  work  are  to  be  found  in 
the  large  cities,  as  such  work  is  usually  in  charge  of  expert  Engineers, 
and  more  money  is  put  in  it.  But  we  cannot  expect  the  rural  high- 
way bridge  to  come  up  to  the  same  standard  any  more  than  we  can 
expect  the  county  roads  to  be  paved  with  asphalt.  The  principle 
which  is  to  guide  the  Engineer  is  that  he  must  endeavor  to  get  the 
highest  efhciency  possible  from  the  money  invested.  So  if  by  in- 
creasing the  first  cost  of  a bridge  by  a small  per  cent,  he  can  get  a 
much  better  bridge,  and  one  which  will  last  longer,  he  is  wasting 
money  not  to  do  so.  This  is  one  of  the  first  general  principles  of 
engineering,  and  it  will  decide  in  the  first  place  what  material  the 
bridge  is  to  be  made  of.  But  when  it  decides  in  favor  of  a steel  bridge 
it  should  be  carried  to  its  logical  conclusion,  and  what  would  other- 
wise be  a first  class  bridge  should  not  be  spoiled  by  trying  to  save  a 
little  in  its  first  cost. 

Keeping  this  thought  in  mind  let  us  examine  the  common  prac- 
tice in  steel  bridge  building  in  Ontario  and  see  in  what  way  a little 
more  money  invested  could  greatly  improve  the  structures,  or  how  the 
money  which  is  spent  could  be  spent  to  better  advantage. 
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For  s^Daiis  up  to  thirty  feet  rolled  beams  are  used,  forming  a. 
simple  beam  span.  From  thirty  to  ninety  feet  some  type  of  riveted 
pony  truss  is  used,  built  up  of  angles  and  plates,  usually  a Warren, 
truss  with  tee  chords.  At  the  panel  points  the  floor  beams — rolled  I- 
beams — are  riveted,  and  the  truss  is  supported  laterally  from  these  by 
knee  braces  of  one  kind  or  another.  The  floor  beams,  of  course,  carry, 
the  joists  (which  are  frequently  I-beams),  and  these  carry  a plank 
floor. 

Above  ninety  feet  overhead  bracing  may  be  used  with  economy,, 
giving  a through  bridge.^^  Tlmse  are  either  riveted  or  pin  connected 
trusses,  and  the  details  vary  with  the  different  types.  In  the  riveted 
spans,  all  connected  are  rigidly  riveted  together  with  the  exception 
perhaps  of  the  lateral  rods,  which  are  sometimes  made  adjustable.  In. 
the  pin  spans  not  only  are  all  the  joints  of  the  trusses  pin  connected 
and  lateral  rods  adjustable,  but  they  also  have  adjustable  counter- 
braces, and  the  floor  beams  are  suspended  from  the  bottom  chord 
pins.  The  top  chords  of  both  types  are  of  built-up  channel  section,, 
but  while  the  tension  members  of  the  pin  span  are  of  round  or  rec- 
tangular cross-section,  those  of  the  riveted  span  are  built  up  of  angles 
and  plates.  The  laterals  also  are  often  made  of  angles  with  riveted 
connections.  The  result  of  these  differences  in  construction  is  appar- 
ent. The  riveted  span  is  stiff  and  rigid  as  a whole,  and  in  all  its 
parts.  Pin  connections  on  the  contrary  allow  motion.  The  tension 
members  are  unable  to  resist  vibration  lateralhq  and  adjustable  mem- 
bers get  loose  and  fail  to  act.  This  accounts  for  the  excessive  vibra- 
tion and  rattle  which  arises  when  a load  is  passed  rapidly  over  a 
bridge  of  this  design. 

The  types  of  trusses  used  in  spans  from  ninety  feet  up  to  say 
three  hundred  feet  are  very  uniform.  Pin  spans  are  always  Pratt 
trusses  with  a single  web  system,  and  the  riveted  spans  are  a double- 
intersection Warren  truss.  Some  riveted  Pratt  trusses  have  however- 
been  put  up.  The  longer  spans  usually  have  inclined  top  chords. 

Such  is  the  present  practice,  and  it  is  a great  improvement  on 
that  of  a few  years  ago,  as  an  examination  of  the  existing  iron  bridges 
would  clearly  show.  It  is  not  uncommon  to  find  pin  connected  pony 
trusses  for  very  short  spans  much  less  than  ninety  feet,  and  longer 
bridges  with  double  or  triple  web  systems. 

The  riveted  Warren  truss  is  a great  improvement  on  short  pin 
spans,  and  when  properly  designed  with  steel  joists  and  stiff  laterals- 
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it  gives  a stiff  neat  bridge,  and  is  cheaper  than  any  other  type  for 
spans  from  fifty  to  ninety  feet.  Below  fifty  feet  the  trusses  become 
too  light  to  make  a good  bridge  unless  a great  excess  of  metal  is  put 
in  it,  and  for  spans  under  this  length  it  would  be  much  better  to 
use  plate  girders.  The  only  objection  to  plate  girders  is  the  difficulty 
of  handling  them  and  teaming  about  the  country  to  remote  bridge 
sites,  when  they  get  over  30  feet  in  length.  So  it  is  often  more  con- 
venient to  use  a small  truss  for  spans  under  this  length,  but  the  re- 
sulting bridge  is  much  inferior  to  a good  plate  girder  span. 

Eiveted  spans  are  so  superior  to  pin  spans  that  they  should  always 
be  used  for  spans  under  250  or  300  feet.  Eailroad  companies  are  now 
building  riveted  spans  up  to  180  feet — the  Dominion  Government 
specification  puts  the  limit  at  200  feet.  As  mentioned  above,  the  great 
objection  to  light  pin  spans  is  that  they  are  not  so  rigid  as  the  riveted, 
they  vibrate  a great  deal  and  consequently  have  more  wear,  get  loose 
and  out  of  adjustment,  and  require  much  more  care  to  keep  in  order. 
Besides,  however  carefully  a pin  span  is  built  there  is  always  a great 
deal  of  uncertainty  as  to  the  distribution  of  the  stresses,  caused  by 
slight  errors  in  the  length  of  members,  play  in  pin  holes,  the  adjust- 
ment of  counterbraces,  etc.  They  will  not  stand  the  rough  usage 
a riveted  span  will,  and  if  one  member  becomes  injured  the  whole 
span  falls.  Many  cases  are  known  where  riveted  spans  have  stood 
long  enough  to  be  repaired  after  an  important  member  has  been  de- 
stroyed. The  traction  engine  is  very  hard  on  pin  spans  unless  they 
have  a stiff  end  bottom  chord,  such  as  railway  pin  spans  always  have. 

The  chief  advantage  of  a pin  span  is  that  it  is  easy  to  erect,  and 
is  economical  in  material.  This  is  especially  the  case  for  spans  be- 
tween 90  and  150  feet  long,  for  from  the  nature  of  its  makeup  a 
riveted  span  of  this  length  requires  a great  excess  of  material  to  make 
a good  bridge. 

All  parts  of  a steel  bridge  are  now  reduced  to  as  few  in  number 
and  as  simple  in  form  as  possible.  Instead  of  using  a double  system 
of  light  web  members  such  as  we  see  in  iron  bridges  still  standing, 
a simple  system  is  used  and  made  heavier.  This  principle  is  carried 
out  through  all  parts  of  the  bridge.  Apart  from  the  apparent  economy 
in  material  resulting  from  this  massing  it  into  heavy  members,  the 
great  advantage  is  that  it  does  away  with  a great  deal  of  ambiguity  of 
stresses  and  allows  the  use  of  a smaller  factor  of  safety. 
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Many  bridges  might  be  improved  by  using  stiff  lateral  bracing 
instead  of  adjustable  rods.  It  may  not  always  be  as  convenient  to 
connect  the  stiff  bracing  to  the  truss^,  and  this  detail  must  be  carefully 
watched  or  the  result  may  be  worse  than  the  rods. 

At  present  very  few  highway  bridges  are  made  with  an  end  floor 
beam  to  carry  the  joists  on  the  abutment — the  ballast  wall  being  built 
up  to  take  the  end  of  the  joists.  Very  seldom  is  a strut  of  any  kind 
put  across  between  the  trusses  at  this  point.  This  may  be  very  econom- 
ical, but  it  cannot  be  called  good  practice,  especially  when  the  spans 
get  up  to  100  feet  in  length.  It  is  impossible  to  have  the  end  bottom 
laterals  (the  most  important  in  the  whole  bridge)  tight  by  this  con- 
struction,— or  rather  want  of  construction, — unless  the  very  uncertain 
action  of  the  anchor  bolts  is  depended  upon  to  take  the  stress. 

Besides  this  violates  another  principle  of  first  class  bridge  work 
which  is, — that  the  steel  work  should  be  complete  in  itself,  and 
independent  of  other  materials.  This  principle  carried  to  its  limit,  as 
it  is  in  first  class  work,  not  only  requires  steel  floor  beams,  but  also 
steel  joists,  solid  concrete  or  ballasted  floor,  steel  hand-rail,  and  the 
exclusion  of  wood,  or  wood  blocking,  or  anything  which  would  require 
frequent  renewing. 

The  buckle-plate  or  expanded  metal  floor  has  been  used  in  many 
bridges  in  or  near  large  cities,  but  with  these  exceptions  plank  is  used 
for  flooring. 

One  of  the  drawbacks  to  the  use  of  steel  is  the  difficulty  of  pre- 
venting it  from  rusting.  Under  ordinary  atmospheric  conditions  it 
readily  oxidises,  and  unlike  such  metal  as  copper  or  silver,  a coating 
of  oxide  or  rust  does  not  protect  the  metal.  On  the  contrary,  the 
rust  once  formed  acts  as  a carrier  of  oxygen  to  the  metal  beneath. 
This  is  how  rust  eats  into  steel,  causing  that  pitting  effect. 

The  chemical  action  which  goes  on  is  expressed  by  the  following 
equations : — • 

(1)  Fe  -f  H^O  -f  CO^  = FeCo,  -f  Ho 

(2)  2 FeCOa  + 0 ==  Foo  O3  + 2 COo 

All  that  is  necessary  is  the  presence  of  moisture  and  carbonic 
acid  gas.  The  carbonic  acid  acts  on  tlie  iron,  forming  a carbonate. 
This  carbonate  absorbs  oxygen  from  tlie  air,  and  forms  the  oxide  or 
rust,  liberating  the  carbonic  acid  io  repeat  the  operation. 
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To  prevent  this^  steel  is  always  given  a coating  of  some  kind  of 
paint_,  and  there  are  dozens  of  patent  preparations  all  warranted  to  do 
this.  There  is  a great  deal  of  literature  on  the  subject  in  engineer- 
ing periodicals  by  writers  supporting  one  brand  or  another,  quoting 
tests  to  back  their  claims,  which  claims  are  often  very  different.  It 
will  take  some  years  to  settle  the  question,  but  at  present  the  best 
authorities  have  reached  the  conclusion  that  the  value  of  a coat  of 
paint  depends  more  on  the  way  it  is  applied,  than  on  the  paint  itself. 
Not  that  the  kind  of  paint  makes  no  difference,  for  it  is  of  great 
importance,  but  there  are  several  different  kinds,  all  of  which  give 
good  results  when  properly  applied,  and  very  poor  results  when  care 
is  not  taken. 

The  most  popular  paint  consists  of  linseed  oil  and  some  inert 
pigment  such  as  red  lead,  iron  oxide  or  graphite.  The  linseed  oil 
gives  a tough,  thick  coat  which  is  waterproof  and  air  tight,  and  the 
pigment  gives  it  durability.  It  is  rather  difficult  to  get  these  ingred- 
ients pure,  and  free  from  adulteration,  and  the  impurities  which  are 
found  in  them  are  very  injurious  to  steel. 

It  is  common  practice  to  mix  the  paint  with  some  such  thing  as 
turpentine  or  benzine  to  thin  it,,  and  to  make  it  dry  quickly.  The  re- 
sult is  that  the  quality  of  the  coat  is  greatly  injured,  it  being  thinner 
and  more  brittle.  When  linseed  oil  dries  slowly  it  gives  a tough  elas- 
tic coat,  and  its  adhesion  to  the  steel  will  not  be  affected  by  a change 
in  temperature.  Eaw  oil  dries  slower  than  the  boiled,  so  it  is  the  bet- 
ter. The  condition  of  the  surface  to  be  painted  is  of  the  first  import- 
ance. It  should  be  thoroughly  cleaned  from  all  scale,  rust,  oil,  grease, 
moisture  and  dirt  of  any  kind.  Stiff  wire  brushes  should  be  used 
for  this  purpose,  and  paint  should  not  be  applied  until  the  color  of 
the  metal  is  everywhere  visible.  If  rnst  is  left  on,  the  steel  will  go  on 
rusting  under  the  paint.  Scale  and  dirt  prevent  the  paint  from 
sticking  and  cause  it  to  peal  off.  Moisture  in  any  form  is  very  in- 
jurious and  it  is  very  hard  to  exclude.  It  forms  a coating  on  the 
steel  and  is  often  in  the  oil  of  the  paint.  It  not  only  prevents  the 
adhesion  of  the  paint  but  it  starts  the  rust. 

The  paint  should  be  used  as  fresh  as  possible,  be  carefully  mixed 
and  kept  well  stirred.  It  should  be  applied  with  the  best  paint  brushes 
and  each  coat  should  be  as  heavy  as  practicable.  The  first  coat  is 
the  most  important,  for  if  it  is  poor  the  next  coat  will  not  stick. 
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Such  are  the  requirements  of  good  painting,  hut  it  must  be  borne 
in  mind  that  no  paint  yet  invented,  no  matter  how  carefully  applied, 
is  a perfect  protection  for  more  than  a few  years.  Its  life  depends 
on  the  conditions  to  which  it  is  subjected.  On  overhead  bridges  where 
it  gets  the  exhaust  of  locomotives,  it  will  not  last  more  than  a few 
weeks,  while  under  favorable  conditions,  it  may  last  ten  years.  Steel 
work  exposed  to  the  weather  should  be  gone  over  very  carefully  at  least 
every  two  or  three  years.  A careful  inspection  after  the  first  year 
would  be  of  more  value  than  one  later. 

If  the  bridge  is  going  to  be  carefully  looked  after  and  repainted 
frequently,  it  may  not  pay  to  take  such  extreme  care  of  the  first  coat. 
The  great  fault  is  that  highway  bridges  are  not  carefully  looked  after, 
and  from  the  time  they  are  erected  until  something  gives  out,  no 
attention  is  paid  to  them.  Many  municipalities  will  be  very  much 
surprised  in  a few  years  to  find  that  the  “ permanent  ” steel  bridge 
which  they  put  up  a few  years  ago  is  all  rusted  out,  and  needs  re- 
building. They  will  then  come  to  understand  that  a steel  bridge  must 
be  given  more  care,  or  be  designed  to  withstand  rust  as  well  as  to 
cany  its  loads. 

This  brings  us  to  the  consideration  of  a second  point  which  should 
be  given  more  attention.  In  all  small  highway  bridges  the  maxi- 
mum stresses  produced  by  the  loads  are  never  vejy  large,  and  are 
often  only  a few  thousand  pounds.  To  carry  these  stresses,  ac- 
cording to  the  regular  rules  of  design,  will  require  such  a small 
section  of  material  that  the  smallest  standard  shapes  are  used  so  as 
not  to  put  in  any  more  steel  than  the  stress  actually  requires.  Hence 
it  is  not  unusual  to  find  in  bridges  metal  thick,  and  even  3-16" 
thick.  Material  as  thin  as  this  presents  a very  large  surface  to  rust 
compared  with  the  amount  of  metal  in  it.  For  example, — if  a 3-16" 
plate  rusts  1-32"  deep  all  over,  33%  of  the  original  section  is  gone. 

Besides  this,  the  use  of  thin  material  has  another  very  bad  point 
which  is  very  seldom  taken  into  consideration-  As  such  material  has 
always  to  be  rolled  at  a much  lower  temperature  than  heavy  material, 
it  is  usually  very  hard  and  brittle.  Consequently,  it  is  very  easily  in- 
jured by  careless  work  and  handling,  and  may  be  of  little  value  even 
before  the  rust  starts. 

From  all  this  it  is  evident  that  it  is  not  economical  to  use  material 
below  a certain  size  and  thickness.  For  railroad  work  engineers  fix 
this  at  § of  an  inch,  and  the  smallest  sections  for  main  members  is 
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3x2|xf".  For  highway  work  the  limit  is  5-16",  and  the  smallest 
sections  2^  x 2^  x 5-16  angle,  and  5"  channel.  This,  of  course,  does 
not  apply  to  any  ornamental  iron  work  such  as  lattice  handrail,  for 
here,  besides  being  useless,  the  heavy  material  would  look  clumsy,  and 
spoil  the  effect. 

It  is  often  the  case  in  highway  bridge  work  that  what  would  other- 
wise be.  a first-class  bridge,  is  spoiled  for  the  want  of  a little  more 
material,  the  extra  cost  of  which  would  be  but  a small  per  cent,  of  the 
total  cost  of  the  bridge.  It  is  very  seldom  in  short  spans  that  the  sub- 
structure does  not  cost  as  much  as  the  superstructure  or  steel  worL 
Again,  the  cost  of  the  raw  material  in  the  superstructure  may  be  taken 
as  half  of  this.  In  other  words — the  total  cost  of  a bridge  may  be 
roughly  divided  as  follows — 50%  for  the  substructure,  25%  for  steel 
and  25%  for  work  on  the  steel.  Now,  the  amount  of  steel  in  the 
bridge  might  be  increased  as  much  as  25%  without  altering  the  other 
two  quantities,  and  this  would  mean  an  increase  of  only  6:^%  on  the 
total  cost  of  the  bridge  to  the  purchaser. 

The  bridge  company  cannot  be  blamed  for  making  the  steel  work 
as  light  as  the  specifications  will  allow,  because  the  increased  weight 
means  12 J%  of  their  contract,  for  they  have  to  enter  into  competition 
with  the  other  companies  with  the  almost  certain  knowledge  that  five 
dollars  difference  will  lose  them  the  contract,  regardless  of  the  relative 
value  of  the  designs. 

There  may  be  very  few  members  of  this  Society  who  will  make 
bridge  work  their  special  study,  but  there  is  no  doubt  a much  larger 
number,  who,  acting  as  town  or  county  engineers,  may  be  called  upon 
sooner  or  later  to  purchase  a bridge  and  oversee  its  erection.  To  these 
a few  hints  from  the  contractor’s  point  of  view,  may  be  helpful  in 
securing  a good  bridge,  and  save  them  from  making  those  blunders 
which  add  so  much  to  the  load  of  worry  of  the  poor  draftsman- 

In  the  first  place,  forego  your  natural  desire  to  design  a bridge  all 
by  yourself.  There  are  so  many  things  to  think  about  that  even  quite 
experienced  men  sometimes  overlook  important  details.  If,  however, 
you  did  get  a design  which  would  stand  up,  there  are  great  chances  that 
no  bridge  shop  could  make  it,  for  it  is  the  easiest  thing  in  the  world 
to  design  something  that  cannot  be  made  from  mechanical  reasons. 
The  bridge  company’s  engineer  knows  what  material  they  have  in 
stock,  and  what  sections  they  can  get  quickest  from  the  rolling  mills. 


STEEL  HIGHWAY  BRIDGE  WORK  IN  ONTARIO. 


31 


He  knows  what  sections  work  together  and  make  the  neatest  connec- 
tions. He  carries  in  his  head  a score  of  facts  which  enable  him  to  cut 
down  the  cost  and  better  the  bridge.  The  draftsman  who  makes  the 
drawings  is  accustomed  to  trace  the  action  of  stresses  through  com- 
plicated details^  understands  the  properties  of  the  materials  used,  and 
knows  where  to  be  lavish  with  it,  and  where  he  can  save. 

For  many  such  reasons  as  these,  municipal  engineers  of  the  class 
to  which  I am  referring,  are  not  expected  to  make  their  own  designs 
for  bridges,  as  perhaps  they  once  were,  tiis  work  is  to  give  the  length 
of  clear  span,  and  the  general  dimensions,  such  as  width  of  roadway 
and  sidewalk,  clear  head  room,  &c.,  the  heaviest  load  the  bridge  will  be 
expected  to  carry,  and  all  information  of  a local  character,  as 
distance  of  site  from  railway  station,  height  of  floor  above  high  water, 
the  kind  of  banks  and  river  bed,  and  the  depth  and  speed  of  the  river. 
He  has  then  also  to  specify  the  material  to  be  used,  the  stresses  it 
shall  carr}^,  and  the  treatment  it  shall  receive.  In  other  words,  draw 
up  specifications  for  the  bridge.  Better  still,  he  can  adopt  any  one 
of  the  many  standard  specifications  and  require  the  work  to  be  done 
according  to  them.  The  Government  Department  of  Eailways  & 
Canals  have  standard  specifications,  which  should  be  used  for  all 
public  work.  These  are  very  complete  and  are  kept  up  to  date-  They 
cover  all  such  points  mentioned  above,  as  paint,  minimum  thickness, 
&c.,  and  a bridge  built  to  them  will  be  first-class. 

The  engineer  should  study  these  specifications  carefully,  and  call 
for  tenders  requiring  that  all  work  comply  in  every  respect  to  the 
Dominion  Government  specifications  of  the  latest  date.  He  should 
then  see  that  they  are  carefully  carried  out.  This  puts  all  parties 
tendering  on  an  equal  footing,  and  is  much  fairer  end  more  likel,y  to 
produce  a good  bridge  than  leaving  it  to  their  individual  specifications. 
With  the  tender  should  be  required  a strain  sheet  with  the  figured 
stresses  of  every  member  marked,  and  the  section  of  material  proposed 
to  be  used.  It  is  not  reasonable  to  ask  for  detail  drawings  with  the 
tender,  but  the  successful  bidder  should  he  required  to  submit  his 
detail  drawings  to  the  Engineer  for  approval  before  doing  any  work  in 
his  shops. 

In  accepting  a tender  it  should  he  remembered  that  the  lowest  hid 
is  not  always  the  best.  Other  questions  should  be  taken  into  considera- 
tion, such  as  the  general  design,  the  responsibility  of  the  bidder,  time- 
of  deliver}^  &c. 
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After  the  tender  is  accepted  it  is  the  Engineer’s  dnty  to  check  over 
dhe  strain  sheet  to  see  that  the  specifications  are  adhered  to,  and  later, 
when  the  detail  drawings  are  submitted  they  should  he  checked  in  the 
same  way,  with  special  attention  to  the  strength  of  all  connections. 
He  should  know  enough  about  bridge  work  to  do  this,  or  he  should  not 
be  in  charge  of  the  work.  If  his  figures  do  not  agree  with  those  of  the 
-contractor,  he  should  not  be  afraid  to  speak  about  it,  for  if  he  is  wrong 
he  will  most  likely  learn  something  he  did  not  know  before. 

It  would  hardly  pay  to  employ  a regular  shop  inspector  to  watch 
the  work  on  a small  highway  bridge.  The  only  way  to  do  is  to  have 
carefully  drawn  specifications,  and  give  the  contractor  to  understand 
from  the  start  that  the  work  will  not  be  accepted  unless  it  is  done 
exactly  as  called  for. 

Ornamentation  of  highway  bridges  would  be  a waste  of  money, 
but  this  is  no  excuse  for  poor  workmanship.  First  class  work  should 
be  insisted  upon,  and  such  things  as  bad  rivet  heads,  open  joints,  rough 
projecting  edges  or  corners,  uneven  painting,  &c.,  should  not  be 
accepted.  If  the  bridge  is  finished  in  a proper  workmanlike  manner  it 
will  have  ornamentation  enough  from  an  engineering  point  of  view. 

The  suggestions  offered  in  this  paper  will  seem  to  those  who  have 
not  studied  the  bridges  of  Ontario  as  self  evident,  and  scarcely  im- 
portant enough  to  form  the  subject  of  a paper.  It  is,  perhaps,  be- 
cause of  their  supposed  unimportance  that  they  continue  to  be  over- 
looked in  a large  percentage  of  the  bridges  put  up.  The  writer  hopes 
that  in  a few  years  his  paper  will  become  out  of  date,  as  the  one  re- 
ferred to  above,  and  that  the  time  will  soon  come  when  the  money  of 
the  municipalities  will  be  spent  to  more  advantage  than  it  is  in  some 
cases  at  present. 

As  a writer  says  in  a recent  paper  read  before  the  American 
Society  for  the  Advancement  of  Science  (see  Eng.  Hews,  Vol.  48,  p. 
43 ) . — The  application  of  scientific  principles  to  the  construction  of 
bridges  is  more  complete  to-day  than  ever  before.  This  statement 
applies  to  the  specified  requirements  which  the  finished  structure  must 
fulfil,  the  design  of  every  detail  to  carry  the  stresses  due  to  the  various 
loads  imposed,  the  manufacture  of  material  composing  the  bridge,  the 
construction  of  every  member  in  it,  and  finally  the  erection  of  the 
bridge  in  the  place  where  it  is  to  do  its  duty,  as  an  instrument  to  trans- 
portation.” 
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SURVEY  AND  LEVELS. 

The  first  work  an  engineer  mnst  perform  in  undertaking  to  design 
a system  of  sewerage  for  a town  or  village  is  to  survey  the  streets, 
blocks,  railways  and  bridges,  and  also  the  watercourses,  creeks  or  rivers, 
mill  ponds,  or  any  other  natural  features  found  in  the  said  corporation. 
The  next  is  to  make  a plan  of  the  same  on  a scale  of  at  least  200  feet 
to  an  inch. 

After  completing  this  plan  his  next  duty  is  to  take  the  levels  of 
the  streets,  &c.  Before  beginning  levels  it  is  necessary  to  fix  upon  the 
outlet  of  the  sewerage  system.  To  prevent  any  danger  from  sewerage 
contamination,  an  outlet  into  a large  body  of  water  or  into  a swift 
running  stream  is  requisite.  In  many  cases  the  outlet  is  into  a lake, 
as  at  Toronto,  Hamilton,  Kingston,  Barrie  and  Owen  Sound;  in 
others,  into  a swift,  powerful  river  as  at  Detroit,  Buffalo,  Montreal, 
Niagara  Falls,  and  Sault  Ste.  Marie.  In  the  case  of  Chesley,  Ont.,  for 
example,  the  easiest  outlet  for  construction  would  have  been  into  the 
mill  ponds;  that,  however,  was  out  of  the  question  as  the  sewerage 
would  accumulate  and  poison  both  water  and  air.  The  outlet  for  this 
system  was  fixed  below  the  lower  mill  dam  into  the  north  branch  of  the 
Saugeen  River,  which  is  here  a very  wide  stream  two  feet  deep  and 
sixty  feet  in  width.  The  nearest  mill  pond  on  this  river  below  Chesley 
is  eight  miles  distant,  so  that  the  stream  has  ample  time  to  purify 
itself. 

Levels  are  always  fixed  by  a certain  datum  line,  and  the  datum 
fixed  upon  in  this  case  was  100  feet  below  the  level  of  the  bottom  of 
the  river  at  the  lowest  outlet. 

Levels. — As  sewers  are  almost  always  laid  down  the  centre  of 
the  street,  the  levels  should  be  taken  there ; unless  there  is  an  abrupt 
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change  of  grade,  it  is  generally  sufficient  to  take  them  at  distances  of 
one  hundred  feet,  and  at  all  points  where  streets  intersect.  Bench 
marks  on  some  permanent  door-sill,  window-ledge,  hydrant,  or  cement 
concrete  sidewalk  should  be  levelled  and  marked  at  all  street  inter- 
sections to  serve  as  convenient  data  for  future  levels.  Levels  should 
also  be  taken  of  all  cellar  floors,  if  cellar  drainage  is  requisite,  as  is 
generally  the  case. 


DESIGN". 

After  taking  all  surveys  and  levels,  the  direction,  grade,  and  size 
of  the  necessary  sewers  for  the  proper  drainage  of  streets,  cellars,  bath- 
rooms and  closets  must  next  be  designed.  The  great  objects  to  be 
aimed  at  in  the  design  are,  on  the  one  hand,  to  secure  proper  drain- 
age, and  on  the  other,  to  keep  down  the  cost;  in  a word,  to  give  the 
best  value  for  the  money  expended.  This  Scylla  and  Charybdis,  how- 
ever, meets  the  engineer  in  all  designs. 

Length — The  distance  from  the  head  of  a sewer  to  its  outlet 
should  be  as  short  as  possible.  A straight  line  between  the  two  points 
would  be  the  cheapest,  but  if  it  did  not  serve  the  purpose  it  would  be 
useless;  as  street  and  house  drainage  is  requisite,  it  is  necessary  to. 
carry  the  sewer  along  the  two  sides  of  the  triangle,  that  is,  along  a 
street  to  its  intersection  with  another  when  it  will  turn  the  corner. 
Here  length  has  to  be  sacrificed  to  necessity. 

Direction. — For  economical  purposes,  the  direction  of  the  grade 
of  a sewer  should  be  the  same  as  that  of  the  street.  For  instance,  if  a 
sewer  follows  the  grade  of  a street  having  a fall  of  1 foot  in  100  feet, 
its  depth  will  be  uniform  throughout  its  length,  whereas  if  it  were  to 
be  built  against  the  grade  of  the  street  its  depth  would  increase  2 feet 
in  every  100  feet;  thus  the  amount  of  excavation  would  be  greatly  in- 
creased. Many  cases,  of  course,  arise  in  which  it  is  necessary  to  build 
the  sewer  against  the  grade  of  the  street,  in  order  to  obtain  an  outlet 
along  another  street,  although,  perhaps,  by  following  a ravine  in  close 
proximity  to  the  same  street  an  easy  grade  could  be  obtained. 

Grade. — The  grade  and  size  of  a sewer  are  in  a measure  depend- 
ent on  each  other.  To  make  a certain  amount  of  flow,  if  the  grade  be 
small,  the  size  of  the  sewer  must  be  increased  and  vice  versa. 

Staley  and  Pierson  in  their  Separate  System  of  Sewerage,”  give 
the  following  as  minimum  grades  of  sewers : — 
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6"  pipe  1 foot  in  200  feet;  a grade  of  .50% 

8"  pipe  1 foot  in  280  feet;  a grade  of  .36% 

9"  pipe  1 foot  in  320  feet;  a grade  of  .31% 

10"  pipe  1 foot  in  360  feet;  a grade  of  .28% 

12"  pipe  1 foot  in  450  feet;  a grade  of  .22% 

15"  pipe  1 foot  in  600  feet;  a grade  of  .17% 

18"  pipe  1 foot  in  750  feet;  a grade  of  .13% 

20"  pipe  1 foot  in  890  feet;  a grade  of  .11% 

24"  pipe  1 foot  in  1,160  feet;  a grade  of  .09% 

In  the  experience  of  the  writer  the  above  grades  are  too  small  to 
give  good  results,  as  even  in  greater  grades  the  sewage  is  often  stranded 
in  the  pipes.  Banmeister,  in  his  Cleaning  and  Sewerage  of  Cities,^^ 
gives  the  following  empirical  formula  for  the  minimum  grade  of  a 
sewer  having  a diameter  of  d inches.  Minimum  grade  in  per  cent. 

100 

5d  X 5U 

This  formula  would  give  the  following  grades  for  sewers  of 
various  sizes: — ■ 


6" 

pipe 

1 

foot 

in 

80 

feet; 

a 

grade  of  1.25% 

8" 

pipe 

1 

foot 

in 

90  feet; 

a 

grade  of  1.11%- 

■ 9" 

pipe 

1 

foot 

in 

105 

feet; 

a 

grade  of 

.95% 

12" 

pipe 

1 

foot 

in 

109 

feet; 

a 

grade  of 

.91% 

15" 

pipe 

1 

foot 

in 

125 

feet; 

a 

grade  of 

.80% 

18" 

pipe 

1 

foot 

in 

140 

feet; 

a 

grade  of 

.71% 

20" 

pipe 

1 

foot 

in 

150 

feet ; 

a 

grade  of 

.67% 

24" 

pipe 

1 

foot 

in 

220  feet; 

a 

grade  of 

.15% 

minimum 

8 

grades  used  by  the  writer  are  as 

follows : — 

6" 

pipe 

1 

foot 

in 

125 

feet; 

a 

grade  of 

.80% 

8" 

pipe 

1 

foot 

in 

250  feet; 

a 

grade  of 

.40% 

9" 

pipe 

1 

foot 

in 

278 

feet ; 

a 

grade  of 

.36% 

10" 

pipe 

1 

foot 

in 

333 

feet; 

a 

grade  of 

.30% 

12" 

pipe 

1 

foot 

in 

400 

feet ; 

a 

grade  of 

.25% 

15" 

pipe 

1 

foot 

in 

500  feet; 

a 

grade  of 

.20% 

18" 

pipe 

1 

foot 

in 

625 

feet ; 

a 

grade  of 

.16% 

20" 

pipe 

1 

foot 

in 

833 

feet; 

a 

grade  of 

.12% 

24" 

pipe 

1 

foot 

in  1,000 

feet; 

a 

grade  of 

.10% 

Maximum  grades  should  not  exceed  80%,  as  the  friction  from 
particles  of  sewage  in  solution  has  a tendenc}^  to  wear  the  invert  or 


36 


SEWERAGE  OF  A VILLAGE. 


lower  part  of  the  pipe ; besides  the  speed  of  the  flow  leaves  the  sewage 
stranded. 

The  size  of  a sewer,  as  has  been  said  before,  depends  on  its  grade, 
the  amount  of  rainfall,  and  the  amount  of  sewage.  In  a separate 
system  of  sew^erage  rainfall  is  not  taken  into  account.  A 6"  pipe  is 
sufficiently  large  for  house  connections. 

In  designing  a system  the  pipes  should  increase  in  size  in  propor- 
tion to  the  areas  and  population  draining  into  them. 

Eainfall. — Regarding  rainfall,  the  following,  for  the  years 
1896,  1897,  1898,  1899,  and  1900,  taken  from  the  record  books  of 
John  McKenzie,  the  Government  observer  at  Owen  Sound,  may  be 
interesting. 

The  total  rainfall  during  ^96  was  30.03",  an  average 
of  .082"  per  day,  and  .197"  for  every  day  it  rained.  The  total 
rainfall  during  ^97  was  44.98"  an  average  of  .123"  per  day  and  .281" 
for  every  day  it  rained.  The  total  rainfall  during  T8  was  36.32",  an 
average  of  .099"  per  day,  and  .265"  for  every  day  it  rained.  The 
total  rainfall  during  ^99  was  44.15",  an  average  of  .121"  per  day,  and 
.252"  for  every  day  it  rained.  The  total  rainfall  during  ^00  was  36.02", 
an  average  of  .099"  per  day,  and  .32"  for  every  day  it  rained.  The 
total  average  rainfall  for  the  five  years  is  .0932",  and  .263"  for  every 
day  it  rained. 

The  greatest  rainfall  in  that  period  took  place  on  the  morning  of 
Kov.  21st,  1900,  when  2.54"  fell  in  5 hours. 

Sewers  cannot  be  designed  to  carry  off  storm  water  at  its 
maximum,  for  in  such  cases  the  sewers  would  be  so  large  that  in  dry 
weather  the  sewage  would  be  left  stranded  on  the  sides  of  the  pipes. 

According  to  Baumeister,  the  amount  of  rainfall  that  reaches  the 
sewers  varies  with  the  condition  of  the  soil  or  streets  on  which  it  falls, 
if  on  pavements  a greater  amount  wull  reach  them  than  on  macadam- 
ized roadways. 

In  England  an  average  of  50%  of  the  rainfall  reaches  the  sewers, 
in  London  53  to  94%.  From  his  experience  25%  for  villages,  50  to 
70%  for  towns,  and  70  to  100%  for  cities,  would  be  ample. 

The  amount  of  sewage  reaching  the  sew^ers  depends  upon  the 
quantity  of  water  used  by  each  inhabitant. 
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According  to  J.  T.  Fanning,  in  his  Treatise  on  Water  Supply 
Engineering/^  the  amount  of  water  used  in  the  N’ew  England  towns 
and  cities  per  capita  is  as  follows : — 

10.000  population  35  to  45  gals,  per  capita  per  day. 

20.000  population  40  to  50  gals,  per  capita  per  day. 

30.000  population  45  to  05  gals,  per  capita  ^Der  day. 

50.000  population  55  to  75  gals,  per  capita  per  day. 

75.000  population  60  to  100  gals,  per  capita  per  day. 

It  can  be  safely  assumed  that  a village  having  a population  of 
eighteen  hundred  would  use  25  gallons  per  capita  per  day,  or  very 
nearly  4 cubic  feet  of  water. 

Depth. — Economy  demands  that  the  depth  of  a sewer  shall  be  as 
small  as  possible.  There  are  several  limitations  as  to  their  depth : — 

(a)  Damage  from  frost  in  cold  climates. — In  the  opinion  of  the 
writer  no  properly  ventilated  sewer  would  freeze  even  if  placed  on  top 
of  the  ground;  the  amount  of  warm  air  and  water  constantly  pouring 
into  it  would  prevent  it.  But  the  danger  is  not  from  frost  inside,  but 
from  frost  in  the  ground  below  and  around  the  pipes  heaving  them; 
they  should,  therefore,  be  placed  below  the  frost  line,  which  in  Canada 
is  between  3 and  4 feet  below  the  surface  of  the  ground. 

(h)  Danger  of  crushing  from  the  traffic  on  the  street  surface 
above  the  'pipes. — The  heaviest  traffic  on  any  street  will  be  that  of  a 
steam  roller,  which  weighs  from  12  to  18  tons.  There  should  therefore 
be  at  least  from  3 to  4 feet  of  earth  above  the  pipes  to  act  as  a cushion 
in  preventing  shocks.  In  Owen  Sound  there  is  a 9"  pipe  three  feet 
below  the  surface,  which  has  stood  the  pressure  of  an  18-ton  road- 
roller  without  receiving  any  damage. 

(c)  The  limit  of  rise  between  the  outlet,  and  the  cellar  to  be 
drained. — The  depth  of  any  sewer  at  its  upper  end  has  to  be  sufficiently 
below  the  cellar  to  give  a good  fall  to  its  lateral  connection ; and  the 
sewer  has  to  be  carried  at  a proper  grade  from  its  outlet  to  that  point ; 
and  this  is  the  main  condition  in  determining  the  depth. 

FLOW  m SEWEES. 

A pipe  sewer  reaches  its  greatest  capacity  of  discharge  when  its 
depth  of  flow  is  some  .93  of  its  diameter,  and  is  then  some  11% 
greater  than  when  running  full.  Sewers  should  be  proportioned 
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through  the  system  so  that  the  depth  of  the  ordinary  flow  will  be  suffl- 
oient  to  prevent  deposits.  A certain  amount  of  sewage  which  can  be 
transported  by  a sewer  of  a certain  size  cannot  as  well  be  transported 
by  one  of  a larger  diameter.  This  is  shewn  by  the  following  table 
taken  from  Staley  and  Pierson’s  Separate  System  of  Sewerage  ” : — 


Size. 

Depth  of  Flow. 

VeLOCI'I  Y. 

Discharge. 

6" 

8" 

147 

14.4  c.  ft.  per  sec 

8" 

1.92 

129 

1 +.4  “ 

10" 

].8f) 

112 

14.4  “ 

12' 

1.03 

100 

14.4  “ 

15" 

.75 

83 

14  4 “ 

The  following  table  illustrates  the  comparison  of  the  velocity  and 
discharge  of  pipe  sewers  when  running  at  various  depths : — 


TH  OF  FLOW. 

V ELOCl'l'Y. 

Dlschauge. 
in  c.  ft.  per  sec. 

.067 

.414 

.0119 

.1 

.498 

.026 

.465 

.602 

.0548 

.2 

.6942 

.0989 

.25 

.7698 

.1497 

.8 

.821 

.2072 

A 

.9264 

.8457 

.5 

1.0 

.5 

.6 

1.0534 

.6598 

,7 

1.0932 

.8174 

.75 

1.0984 

.8836 

.8 

1.1028 

.9458 

.8585 

1.1010 

.1.0009 

.9 

1.0918 

1.0851 

.983 

1.0794 

1.0479  greatest 

1.0 

1.0 

1.0 

The  authors  quoted  above  give  the  following  formula  for  com- 
puting the  velocity  of  any  sewer:  — 


V = 


V-2^h. 


1 + e + c 


in  which  h = head. 

1 = length  of  the  pipe  in  feet. 
d~  diameter  of  the  pipe  in  feet. 
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7 = velocity  per  feet  per  second  when  running  full. 
c=  co-efficient  of  pipe  friction, 
e = co-efficient  of  resistance  to  entrance. 


.014S9  + 


.016921 


e--is  assumed  at  an  average  of  .505. 

ASSESSMENT. 

The  following  are  some  of  the  plans  adopted  in  'assessing  the 
cost  of  sewers: — 


{a)  Assessing  the  whole  cost  upon  the  corporation. 

(5)  Assessing  the  whole  cost  upon  the  property  immediately 
benefited  per  foot  frontage. 

(c)  Assessing  the  whole  cost  upon  the  property  immediately 
benefited^  per  area  of  each  property. 

{d)  Assessing  the  whole  cost  upon  the  property  immediately 
benefited,  per  value  of  each  property. 

(e)  Assessing  the  whole  cost  upon  the  corporation  and  charging 
for  permits  to  make  private  connections. 

(/)  Assessing  a portion  of  the  cost  upon  the  property  imme- 
diately benefited,  per  foot  frontage,  area,  or  value  of  property,  and  the 
balance  upon  the  corporation. 

{g)  Assessing  the  whole  cost  upon  the  property  immediately  bene- 
fited, per  foot  frontage,  area,  or  value  of  property  in  proportion  to  its 
distance  from  the  outlet  of  tlie  sevN  er. 

Theoretically,  property  should  be  assessed  in  proportion  to  its 
distance  from  outlet.  For  example,  A lives  100  feet  from  the  outlet; 
B 300;  C 300;  D 400;  and  they  each  wish  drainage  but  cannot  agree 
to  combine  but  instead  build  four  separate  sewers;  A 100  feet;  B 200; 
0 300;  D 400;  or  1,000  feet  in  all.  The  question  then  arises  if  they 
had  combined  and  built  400  feet  for  their  common  use,  should  A^s 
portion  be  40  feet;  B^s  80;  C3s  120;  E’s  160;  or  should  their  por- 
tions be  equal?  Another  item  to  be  taken  into  consideration  is  that 
A could  drain  alone  by  a small  pipe,  but  if  B,  C,  and  D drain  into  his, 
the  size  of  A’s  pipe  will  have  to  be  increased. 
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There  is  a case  of  assessment  in  Owen  Sound  on  three  brick 
sewers,  in  which  the  assessment  increases  as  they  approach  their  outlet 
inversely  to  the  above  theory. 

The  assessment  on  Division  Street  sewer  in  the  said  town  is 
21.75  cents  per  foot  frontage  on  the  block  nearest  its  outlet;  18.68 
cents  on  the  second  block;  11.83  cents  on  the  third  block;  and  8.84 
cents  on  the  fourth  block;  the  whole  street  having  the  same  sized 
sewer.  There  are  two  other  main  sewers  assessed  in  the  same  way. 
How  the  property  owners  stood  it  is  a mystery. 

The  basis  of  assessment  which  has  been  adopted  by  the  writer, 
and  which,  in  his  opinion,  is  the  proper  and  most  equable  one,  is  as 
follows: — 

Assess  the  cost  of  the  smallest  sewer  in  the  system  upon  the  prop- 
erty benefited  per  foot  frontage;  assess  the  cost  of  all  street  inter- 
sections and  the  difference  between  the  cost  of  a larger  sewer  and  the 
cost  of  the  smallest  sewer  upon  the  corporation. 

For  example. — Mill  Street  sewer  in  Chesley  is  an  18"  pipe,  and 
Mary  Street  is  an  8"  pipe,  the  smallest  in  the  system. 

According  to  the  above  basis  of  assessment  the  property  owners  on 
Mary  Street  should  pay  the  whole  cost  of  their  sewer  less  street  inter- 
sections, per  foot  frontage ; the  property  owners  on  Mill  Street  should 
pay  the  whole  cost  of  an  8"  sewer  on  their  street  less  street  intersec- 
tions, per  foot  frontage;  and  the  corporation  should  pay  for  all  street 
intersections  and  the  difference  of  cost  between  an  8"  sewer  and  an 
18"  sewer  on  Mill  Street. 

COHSTKHCTION  OF  SEWEES. 

Assuming  that  the  plans  of  the  sewerage  system  have  been 
accepted  by  the  Provincial  Board  of  Health  and  by  the  village  council ; 
and  that  the  proper  steps  have  been  taken  in  regard  to  initiating  local 
improvements;  the  next  step  is  the  construction  of  such  sewers  or 
sewer. 

The  engineer  should  prepare  a plan  or  plans  of  the  sewer  to  be 
constructed  on  a large  scale  shewing  the  plan  and  profile,  the  depths  at 
every  100  feet,  the  quantity  and  size  of  the  pipe  required,  the  quan- 
tity and  size  of  the  T ” or  Y junctions,  and  the  number  of  the 
man-holes  or  lamp  - holes ; besides  detailed  drawings  of  man-holes, 
catch-basins,  or  lamp-holes ; and  also  specifications  of  the  work.  Ten- 
ders should  then  be  advertised  for  in  approved  manner. 
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SPECIFICATIONS  AND  CENEEAL  CONDITIONS. 

Drawings. — All  works  are  to  be  executed  according  to  the  draw- 
ings and  plans  exhibited  at  the  town  engineer's  office  at  the  time  of 
the  taking  of  tenders,  or  such  others  as  may  be  furnished  by  him  from 
time  to  time  during  the  progress  of  the  said  work. 

Synopsis  of  Work. — The  work  shall  include  the  excavating,  re- 
filling, laying  of  pipes  and  connections,  building  of  manholes, . street 

gullies,  and  fiush  tanks  for  a sewQr  on  street,  from  

street  to — street.  The  contractor  shall  find  all  material,  timber,. 

tools,  and  labor  necessary  to  carry  on  and  complete  the  work.  The 
contractor  shall  commence  and  carry  on  the  work  at  any  point  along 
the  line  of  the  sewer  the  engineer  may  direct.  No  allowance  will  be 
made  for  any  extra  cost  of  a divergence  from  the  line  shewn  on  the 
plan  to  effect  the  proper  connection  at  the  outlet. 

Alignment  and  Levels. — Alignment  and  levels  of  the  sewer  will 
be  given  by  the  engineer,  and  the  contractor  shall  be  required  to  con- 
struct the  sewer  true  to  the  alignment  and  grade.  No  claim  for  extra 
depth  of  excavation  shall  be  considered  unless  such  extra  depth  exceeds 
one-fifth  of  a foot  on  an  average  along  the  whole  line  of  the  sewer,- 
and  shall  be  paid  for  at  the  rate  of  one  cent  per  lineal  foot  of  one-tenth 
foot  in  depth. 

Width  of  Trench. — The  trench  for  the  pipes  shall  be  opened  to- 
a sufficient  width  at  the  top  according  to  the  nature  of  the  soil  to- 
ensure  a width  at  tlie  bottom  ot‘ at  least  one  foot  wider  than  the 
outside  diameter  of  the  pipe. 

Protection  of  Work. — The  contractor  shall,  at  his  own  expense,. 
shore  up,  sling,  protect,  alter,  divert,  restore,  and  make  good  as  may 
be  necessary  all  water  pipes,  gas  pipes,  conduits,  culverts,  drains,  side- 
walks, crossings,  pavements,  or  any  other  property  which  may  be  dis- 
turbed or  injured  during  the  progress  of  the  work.  He  shall  also  keep 
a sufficient  fence,  lights — and  a watchman  if  ordered  by  the  engineer — 
on  the  works  at  night,  in  order  to  prevent  accidents,  and  whether  so 
ordered  or  not  shall  indemnify  the  corporation  against  all  damages  or 
accidents  either  to  life  or  property  which  may  in  any  way  occur  from 
his  neglect. 
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Pumping. — The  contractor  shall  at  his  own  expense  pump  out 
•or  otherwise  remove  any  water  necessary  to  be  removed  for  the  proper 
•construction  of  the  work^  and  shall  make  all  drains  necessary  to  keep 
-the  excavation  clear  of  water  during  the  progress  of  the  work. 

Eoad  Metal  to  be  Preserved. — The  road  metal  on  the  surface 
shall  be  carefully  placed  on  one  side  of  the  trench,  and  not  allowed  to 
'be  mixed  with  the  earth  excavated  afterwmids;  whtn  the  earth  has 
been  properly  refilled  the  good  road  metal  shall  be  replaced  and  well 
rammed  down. 

Material  on  Street. — The  contractor  shall  place  all  material 
and  the  earth  from  the  excavation  so  as  to  interfere  as  little  as  possible 
with  street  traffic. 

Eeeilling. — The  excavated  earth  shall  he  carefully  refilled  and 
well  rammed,  with  rammers  provided  by  the  contractor,  in  layers  one 
foot  in  depth  throughout  the  whole  fill.  ETo  stones  larger  than  a 
■‘twelve  inch  cube  shall  be  allowed  in  the  refill. 

Jointing  the  Pipes. — In  quicksand  bottom  the  pipes  shall  be 
laid  to  the  proper  grade  on  a foundation  of  plank,  concrete,  or  gravel, 
■according  to  the  order  of  the  engineer  and  when  so  ordered  shall  be  paid 
for  at  a price  previously  fixed.  The  pipes  shall  be  laid  on  an  even 
grade,  the  sockets  being  free  from  any  extra  pressure,  and  each  pipe 
shall  have  an  even  bearing  throughout  its  whole  length. 

Jointing  the  Pipes. — The  jointing  of  the  pipes  shall  be  concen- 
tric and  formed  first  of  a gasket  of  oakum  forced  tightly  between  the 
socket  of  the  one  pipe  and  the  spigot  of  the  other  by  a proper  caulking 
tool,  and  then  the  space  between  the  socket  and  spigot  shall  be  filled 
with  cement  mortar  well  forced  in,  the  joint  shall  be  then  protected 
by  a ring  of  soft  blue  clay  or  cement  mortar  moulded  around  it. 
Before  making  a joint  all  water  shall  be  removed  from  the  trench. 
The  cement  mortar  shall  consist  of  one  part  best  Portland  cement, 
and  one  part  of  clean  sharp  sand  well  mixed  with  clear  water;  care 
shall  be  taken  to  prevent  any  lumps  of  mortar  from  dropping  into  the 
interior  of  the  pipe.  A bundle  of  hay  or  straw  shall  be  kept  in  the 
upper  end  of  the  pipe  previously  laid  and  pulled  along  with  a rope  as 
each  successive  pipe  is  laid  to  prevent  any  earth,  gravel  or  sand  from 

entering  the  pipe. 

( 
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Clearance  of  Street. — On  completion  of  the  work,  the  street 
shall  be  cleared  of  all  rubbish,  stones,  earth,  gravel,  sand,  tools  or  lum- 
ber, and  shall  be  left  in  as  good  a condition  as  when  the  work  was 
entered  upon.  All  surplus  stones,  eartli,  gravel  or  sand  shall  remain 
the  property  of  the  corporatioiL  and  shall  be  delivered  on  the  order 
of  the  engineer  to  any  point  within  one-half  mile  of  the  work. 

Conduct  of  Work. — The  contractor  shall  suspend  work  if  the 
engineer  deem  it  necessary  from  any  condition  of  the  weather,  soil 
or  other  causes,  and  shall  not  be  entitled  to  any  claim,' for  any  com- 
pensation on  account  of  such  suspension. 

Connections. — All  connecting  pipes  as  shewn  on  the  plan  shall 
be  placed  as  directed  by  the  engineer  and  shall  be  included  in  the 
tender  for  sewer. 

Junctions  to  be  Marked. — The  location  of  each  junction 
shall  be  marked  by  a two-inch  square  cedar  stake  two  feet  in  length 
driven  opposite  to  it  at  the  street  line. 

Dead  Eyes. — All  Y junctions  and  the  upper  ends  of  pipes 
shall  be  closed  with  a wooden  dead  eye,  which  shall  be  well  plastered 
on  the  outside  with  soft  blue  clay. 

Flushing. — At  its  completion  the  sewer  shall  be  well  flushed 
free  from  end  to  end  of  all  sand,  earth,  or  gravel.  The  contractor 
shall  flush  during  the  progress  of  the  work  if  the  engineer  deem  it 
necessary. 

Quality  of  Pipes. — The  pipes  shall  be  salt-glazed  vitrified  clay, 
perfectly  burned  and  thoroughly  glazed  over  their  entire  inner  and 
outer  surfaces,  shall  be  truly  circular  in  bore,  socket  and  spigot,  per- 
fectly sound  and  entirely  free  from  blisters,  cracks  or  defects,  either 
two  or  three  feet  in  length  with  socket  joints.  The  inner  surface  of 
the  socket  and  the  outer  surface  of  the  spigot  shall  be  well  corrugated. 

Concrete. — The  concrete  sliall  be  composed  of  one  part  of  the 
best  Portland  Cement,  three  parts  of  sand  and  five  parts  of  broken 
stone,  or  clean  washed  gravel,  to  bo  well  mixed^  and  thoroughly  ram- 
med down  in  place,  no  stones  greater  than  a two  inch  will  be  allowed 
to  be  used. 
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Ceaient. — The  contractor  shall  place  a sample  of  the  cement  he 
intends  to  use  in  the  hands  of  the  engineer  at  least  seven  days  pre- 
viously to  commencing  work  in  order  to  test  the  same  and  any  brand 
of  cement  not  up  to  standard  will  be  rejected. 

Cement  Mortar. — The  cement  mortar  for  the  joints  of  the 
pipes  shall  be  composed  of  one  part  best  Portland  Cem^ent  and  one 
part  of  clean,  sharp  sand,  that  for  manholes,  flush-tanks  and  street 
gullies  of  one  part  best  Portland  Cement  and  three  parts  of  clean, 
sharp  sand.  Both  mortars  shall  be  well  mixed  with  clean  water. 

Bricks. — All  bricks  to  be  used  shall  be  of  the  best  quality, 
sound,  and  hard  burned,  of  uniform  size  and  shape ; before  being  laid 
they  shall  be  immersed  in  water.  Each  brick  shall  have  f ull  mortar 
joints  on  bottoms  and  sides  and  ends. 

Manholes,  Flush-tanks,  Street  Gullies. — Manholes,  flush- 
tanks,  street  gullies  and  lamp  holes,  as  shewn  on  plan,  shall  be  built 
as  directed  by  the  engineer,  and  shall  be  included  in  the  price  of  the 
contract.  The  manholes  shall  be  circular  of  a nine-inch  brick  wall 
on  a foundation  of  six  inches  of  concrete,  built  with  cement  mortar, 
and  shall  be  surmounted  by  an  approved  cast  iron  cap  weighing  at 
least  four  hundred  pounds.  Steps  made  of  round  wrought  iron  three- 
quarters  of  an  inch  in  diameter  of  approved  pattern  shall  be  built 
into  the  walls  of  the  manhole  eighteen  inches  apart  vertically. 

Sewer  May  be  Used. — The  Board  of  Works  reserves  the  right 
to  connect  any  other  sewers  or  drains  with  the  contract  sewer  pre- 
viously to  the  date  of  taking  the  work  off  the  contractor’s  hands. 

GENEEAL  COUDITIOUS. 

Order  of  Engineer. — The  contractor  shall  obtain  a written  order 
from  the  eiurineer  before  proceeding  with  any  work  which  may 
be  charged  as  an  extra,  and  absolutely  no  claim  foi  such  will  be 
considered  unless  such  order  is  produced,  and  on  which  there  is  a 
price  stated.  All  contract  prices  shall  be  absolutely  fixed  as  described 
in  the  blank  form  of  tender  and  no  extras  will  be  allowed  for  quick- 
sand, hard  pan,  rock  or  other  material  not  specially  mentioned. 

Specifications  and  Plans. — Should  any  discrepancies  appear, 
or  should  any  misunderstandings  arise  as  to  the  meaning  and  import 
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of  the  specifications  or  drawings,  or  as  to  the  quality  or  dimensions 
of  the  material,  or  the  dne  and  proper  execution  of  the  work,  or  as  to 
measurement^  quality  and  valuation  of  the  work,  or  as  to  the  extras 
thereon,  or  deductions  therefrom,  the  same  shall  be  explained  by  the 
engineer  and  this  explanation  shall  be  final  and  binding  upon  the  con- 
tractor, and  the  contractor  shall  execute  the  work  according  to  such 
explanation  without  charge  or  deduction  as  the  engineer  shall  assess. 

Setting  Out  and  Keeping  Coerect. — The  contractor  shall  set 
out  and  keep  correct  the  work  in  every  particular  according  to  the 
plans  and  specifications,  and  shall  be  held  responsible  for  the  correct- 
ness of  the  proper  line  and  grade  of  the  pipe  after  it  is  covered  in 
throughout  the  whole  term  of  his  contract. 

Teem  Engineer. — The  term  engineer  shall  apply  to  the  town  or 
village  engineer  for  the  time  being  or  some  other  officer  appointed  by 
him  or  the  council  to  act  for  him,  and  he  shall  be  the  sole  judge  of 
the  quantity  or  quality  of  the  work  done,  and  his  decision  shall  be 
final  as  against  the  contractor,  and  should  the  work  be  not  progress- 
ing to  his  satisfaction  he  shall  have  full  power  to  take  the  contract 
or  any  part  of  it  out  of  the  hands  of  the  contractor  and  to  relet  the 
same,  or  otherwise  complete  it,  first  having  reported  the  same  to  the 
Board  of  Works,  and  having  obtained  the  sanction  of  the  council 
thereto  and  thereupon,  all  moneys  due  or  falling  to  the  contract,  or 
shall  be  forfeited  and  shall  be  applied  to  the  completion  of  the  con- 
tract. Any  balance  after  completion  shall  be  returned  to  the  con- 
tractor. 

CoNTRACTOR'’s  Agent. — In  the  absence  of  the  contractor  from 
the  work,  his  foreman  or  other  person  in  charge  shall  be  considered 
as  acting  in  his  place,  and  all  orders  to  such  agent  by  the  engineer 
shall  be  as  binding  on  the  contractor  as  though  given  to  himself  in 
person. 

Employees. — The  employees  of  the  contractor  shall  at  all  times 
obey  the  direction  of  the  engineer,  or  his  deputies,  with  respect  to 
the  work,  and  if  any  foreman,  agent  or  employee  of  the  contractor 
shall  be  found  incompetent  or  has  created  disturbance  on  the  work 
shall,  on  the  order  of  tlie  engineer,  be  discharged. 


46 


SEWERAGE  OF  A VILLAGE. 


Date  of  Completion. — The  contractor  shall  complete  the  whole 

of  the  work  on  or  before  the day  of A.D.  190.  or 

shall  pay  ten  dollars  per  day — subject  to  the  decision  of  the  council — • 
as  liquidated  damages  for  each  and  every  day  that  any  part  of  the 
contract  shall  remain  unfinished  after  that  date. 

Failure  to  Complete. — If  the  work  be  not  completed  on  or 

before  the day  of A.D.  190.  ..,  the  council  shall 

take  the  unfinished  work  out  of  the  contractor's  hands. 

Payment. — Upon  acceptance  of  the  work  by  the  Board  of  Works, 
on  the  certificate  of  the  engineer  that  it  has  been  completed  to  his 
satisfaction,  the  contractor  shall  be  paid  ninety  per  cent,  of  his  con- 
tract price,  the  balance,  ten  per  cent.,  shall  be  paid  the day  of 

A.D.,  up  to  which  time  the  contractor  shall  be  bound  to 

uphold  the  work  in  every  way. 

Completion  to  be  Satisfactory. — The  whole  work  shall  be 
completed  in  a workmanlike  manner,  and  to  the  true  meaning  and 
intent  of  the  specification,  and  to  the  satisfaction  of  the  engineer  and 
Board  of  Works. 

Tenders. — Tenders  shall  be  made  according  to  printed  form. 
Each  tender  shall  be  accompanied  by  a certified  bank  cheque  for  the 
sum  of  five  per  cent,  of  the  tender,  payable  to  the  order  of  the  village 
treasurer,  which  sum  shall  be  forfeited  if  the  party  decline  the  con- 
tract or  fail  in  the  performance  thereof,  but  will  be  returned  in  case 
of  non-acceptance. 

C ,May. ,190... 

Village  Engineer. 


TENDEE. 


Form  of  Tender. — I, contractor  of  the 

town  of Ontario,  hereby  tender  for  the  construction  of 

an  8"  pipe  sewer  on Street  in  the  Y of , 

at  the  following  schedule  of  prices,  and  enclose  a certified  bank 

cheque  marie  payable  to  the  treasurer  Y of for  the 

amount  of  $ , being  5%  of  my  tender. 
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Schedule. 


manholes  at  $ $ 

lampholes  at  $ $ 

catch  basins  at  $ $ 

feet  of  8"  pipe  at  $ $ 

feet  of  9"  pipe  at  $ $ 

feet  of  12"  pipe  at  $ $ 

feet  of  15"  pipe  at  $ $ ' 

feet  of  18"  pipe  at  $ $ 

feet  of  6"  pipe  at  $ $ 

feet  of  6"-8"  Y jets.  at  $ $ 

feet  of  6"-9"Yjcts.  at  $ $ 

feet  of  6"-12"Yjcts.  at  $ $ 

feet  of  6"-15"  Y jets,  at  $ $ 

feet  of  6"-18"  Y jets,  at  $ $ 

feet  of  8"-8"  T jets,  at  $ $ 

Total $- 


May  21st,  190.  ..  

Contractor. 


SHOET  FOEM  OF  AGEEEMEYT. 

Tpiis  Agreement,  made  and  entered  into  this  day  of 

A.D.  190 

Between of  the 

in  the  County  of contractor  of  the  First  Part. 

and 

The  Corporation  of  the of  the  Second  Part., 

WITNESSETH:  that  the  party  (or  parties)  of  the  First  Part  do- 
hereby  for  themselves  and  each  of  them,  their  heirs,  executors,  admin- 
istrators and  assigns,  covenant,  promise,  and  agree  with  the  parties^ 
of  the  Second  Part  in  the  manner  following,  that  is  to  say: 
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Construction. — That,  they  the  parties  of  the  First  Part,  shall 
or  will  for  the  consideration  hereinafter  mentioned,  on  or  before 
the day  of 190  , well  and  sufficiently  ex- 

ecute and  perform  in  a true,  perfect  and  thoroughly  workmanlike 
manner,  all  the  work,  and  supply  all  the  materials,  labor,  tools,  mach- 
inery, apparatus  and  cartage  of  every  description  required  in  the 
excavation  for  and  the  completion  of  a pipe  sewer  commencing  at 

street^  thence  along street  to 

street,  &c.,  in  the according  to  the  plans,  draw- 

ings, specifications,  and  general  conditions  prepared  for  the  said  work 

by , Engineer,  and  signed  by  the  parties 

ef  the  First  Part,  and  the  said , which  plans,  draw- 

ings, specifications  and  general  conditions  shall  be  deemed  to  be  in- 
corporated in  and  to  form  part  of  this  contract;  the  said  work  to  be 
done  and  the  said  sewer  to  be  constructed  under  the  direction  and 

personal  supervision  of  the  said  Engineer, 

or  such  person  as  the  said  parties  of  the  Second  Part  may  appoint 
as  his  successor  as  Engineer  in  charge  of  the  said  works.  The  said 
sewer  to  be  built  and  the  said  work  to  be  complete  and  finished  accord- 
ing to  the  said  plans  and  specifications  on  or  before  the 

day  of 190.  . .. 

Construction. — The  said  parties  of  the  Second  Part  do  hereby 
•covenant,  promise  and  agree  to  and  with  the  said  parties  of  the  First 
Part,  their  heirs,  executors,  administrators  and  assigns,  that  they 
the  said  parties  of  the  Second  Part  shall  and  will  in  consideration  of 
the  covenants  and  agreements  being  strictly  executed,  kept  and  per- 
formed by  the  said  parties  of  the  First  Part,  or  unto  their  heirs, 
•executors,  administrators  or  assigns,  upon  the  certificate  of  the  said 

Engineer  or  his  successor,  or  as  aforesaid,  pay 

the  sum  of dollars ; the  said  sum  to  be  paid  as 

follows: — Eighty-five  per  cent,  of  the  said  sum  to  be  paid  when  the 
work  is  completed  by  the  said  parties  of  the  First  Part,  in  accordance 
with  the  plans,  drawings,  specifications  and  general  conditions,  and 
shall  have  been  accepted  and  approved  by  and  shall  have  passed  the 
inspection  of  the  said Engineer,  or  his  suc- 

cessor as  aforesaid,  and  fifteen  per  cent,  at  the  expiration  of  one  year 
from  the  date  of  such  completion  and  acceptance  and  approval  by  the 
:said  Engineer,  and  of  such  passing  of  inspection. 
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In  witness  whereof  the  said  parties  have  hereto  set  their  hands 
and  seals. 


Contractor, 


Signed,  sealed  and  delivered 
in  the  presence  of 

I 

Mayor, 


' Cleric, 

Corporate  Seal. 

DETAILS  OF  COjSTSTEUCTION. 

In  general  all  sewers  should  he  started  in  their  construction  at 
their  outlet  or  lower  end  and  continued  up  grade  to  their  upper  end. 
The  reasons  for  this  are  as  follows: — 

(a)  The  spigot  or  small  end  of  the  pipe  is  always  laid  down  grade 
and  the  bell,  socket  or  larger  end  of  the  pipe  up  grade ; it  can  easily  be 
seen  that  in  making  a joint  it  is  a great  deal  handier  to  insert  the 
spigot  into  the  socket  than  place  the  socket  over  the  spigot;  and  also 
much  easier  to  fill  a joint  facing  outward,  with  cement,  than  one 
facing  inward.  The  spigot  end  is  placed  down  grade  for  the  reason 
that,  being  inserted  into  the  socket  the  sewage  flows  past  the  joint 
whereas  if  placed  up  grade  the  sewage  would  be  apt  to  flow  through 
the  joint.  (&)By  constructing  from  outlet  up  grade  any  water  that 
accumulates  in  the  trench  from  springs  or  rainfall  can  flow  through 
the  sewer,  but  would  have  to  be  removed  by  bailing  or  pumping  by  con- 
structing in  the  opposite  direction. 

If  the  outlet  of  a sewer  is  in  a body  of  water  a retaining  wall 
should  be  built  about  the  first  pipe  in  order  to  support  it,  and  also 
the  river  bank.  Fig.  8,  Plate  Ho.  12  shews  a vertical  section  of  such 
a wall,  a is  the  bank ; b the  cap ; the  wall ; d ” the 

foundation ; “ f the  first  pipe ; g the  second  pipe. 

As  in  the  excavation  for  a sewer  any  grades  or  alignment  placed 
on  the  ground  would  be  removed  the  engineer  has  to  resort  to  a plan 
to  secure  them.  This  is  done  by  placing  cross-heads  every  hundred 
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feet  to  a grade  parallel  to  and  at  a certain  distance  from  the  proper 
grade,  and  on  top  of  the  cross-heads,  driving  a nail  on  the  alignment. 
The  grade  of  the  pipe  is  transferred  from  the  parallel  grade  by  means 
of  a rod  called  a boling-rod  the  length  of  which  corresponds  to  the 
distance  between  the  proper  grade.  The  alignment  is  obtained  by 
dropping  a plnmb  line  from  the  nail  in  the  cross-head. 

The  invert  or  lower  inside  part  of  the  pipe  is  considered  the  grade 
of  a sewer. 

Figure  1,  Plate  IsTo.  12  shews  a longitudinal  sectioijL  of  a sewer 
under  construction;  fig.  2 is  a plan  of  the  same;  fig.  3 is  a vertical 
cross-section  of  the  same.  In  all  figures  a is  the  filled  in  trench ; 

b the  excavated  trench ; c the  unexcavated  trench ; d the 
cross-heads ; the  boling-rod ; the  sewer  pipe ; the 

eye  of  the  engineer  or  inspector  sighting  over  the  cross-heads  and 
boling-rods ; h the  parallel  line  of  grade ; i the  nail  in  the 
cross-head. 

A cross-head  consists  of  two  upright  pieces  of  4"  by  4"  scantling 
placed  firmly  in  the  ground,  one  on  each  side  of  the  trench,  about 
10  feet  apart,  and  at  right  angles  to  the  line  of  the  sewer;  to  which 
is  nailed  horizontally  a piece  of  straight  edged  pine  board  1"  by  6". 

A boling-rod  consists  of  an  upright  piece  of  wood  1.25"  by  1.25" 
and  of  sufficient  length  to  reach  from  the  line  of  the  top  of  the  cross- 
heads to  the  bottom  of  the  trench,  having  a piece  of  4"  by  12"  pine 
fixed  to  it  at  its  upper  end  in  the  form  of  a T ; and  at  its  lower 
end  a piece  of  wrought  iron  in  the  form  of  an  L fixed  so  that  the 
distance  from  the  top  of  the  rod  to  the  bottom  of  the  L equals 
the  distance  from  the  top  of  the  cross-heads  to  the  grade  of  the  sewer. 
Figs.  4 and  5 shew  front  and  side  views  of  the  boling-rod,  in  which 
a is  the  head  piece ; b the  upright ; c ” the  L piece  resting 
on  the  invert  h of  the  pipe  “ f e screw  nails ; d nail  for 
line  of  sight ; and  g the  socket  of  the  pipe  In  order  to  find 

if  the  bottom  of  the  trench  is  to  grade,  place  the  boling-rod  upright, 
with  its  lower  end  resting  on  the  bottom ; sight  across  the  cross-heads, 
and  if  the  top  of  the  rod  is  in  line  of  sight  the  trench  is  at  grade;  if 
above  the  bottom  of  the  trench  is  too  high  and  vice  versa.  The  grade 
of  the  pipe  is  found  in  the  same  way,  with  the  exception  that  the 
L of  the  rod  rests  on  the  invert  of  the  pipe  and  its  lower  end  on  the 
bottom  of  the  trench. 

The  ‘greatest  care  should  be  taken  when  laying  pipe  sewers  to 
make  a proper  joint.  Fig.  6 shews  a pipe  joint  in  section,  in  which 
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a is  the  socket  end  of  the  pipe  ''h  c is  the  spigot  end  of  an- 
other pipe ; d’’  the  gasket  placed  around  c to  prevent  the  cement 

in  the  joint  e"'  from  dropping  into  the  pipe;  ''  f’’  is  a roll  of  soft 
blue  clay  or  cement  mortar  placed  around  the  joint  to  prevent  water 
from  forcing  the  cement,  before  it  has  had  time  to  set,  out  of  the 
joint  e.^'’ 

Eig.  11,  Plate  12,  is  a section  of  a pipe  joint  shewing  the  pro- 
bable cause  of  collapse  of  a sewer  in  quick  sand  or  other  watery  ground 
in  which  a is  the  spigot  end  of  a pipe ; “ b the  socket  end  of  an- 
other; the  sand  below  the  pipe;  d^’  an  open  joint;  ^^e’^ 

moving  sand  carried  into  the  pipe  through  the  open  joint;  the 
cavity  below  the  pipe.  These  pipes  having  been  undermined  will 
either  crush,  shear  off,  or  be  pressed  out  of  grade  by  the  pressure  from 
above,  but  in  such  a case  the  collapse  is  assured. 

Manholes  are  generally  built  at  the  intersection  of  the  centre 
line  of  two  cross  streets,  or  at  any  change  in  the  grade  of  a sewer. 
They  are  requisite  as  forming  junctions  for  pipes  leading  in  from 
other  streets  and  catch-basins;  as  ventilators;  for  examination  of 
sewers;  for  flushing,  &c.  They  are  generally  built  of  hard  brick, 
either  square  or  circular  in  shape,  from  3 to  4 feet  in  diameter. 
The  bottoms  of  the  manholes  should  he  filled  in  with  concrete,  smooth 
and  even,  so  as  to  form  runways  to  prevent  the  sewage  from  being 
stranded.  Fig.  9 Plate  12  shews  a vertical  cross-section  of  a manhole 
in  which  a is  a cast  iron  cap;  a cast  iron  top;  the 

ground  surface ; d the  bottom ; e the  walls ; f the  concrete 
foundation ; g’’  “ g two  side  sewer  pipes ; h the  main  sewer 

pipe.  Fig.  12  Plate  12  shews  the  form  of  the  iron  steps  built  into  the 
walls  of  the  manhole  in  which  a ^Ms  a projection  which  catches  on 
the  back  of  the  wall  of  the  manhole ; b the  wrought  iron  flattened 
so  as  to  he  laid  in  the  wall ; c is  the  round  iron  used  as  the  step. 

Catch-basins  or  street  gullies  at  the  street  gutter  near  the  sicie- 
Avalk  curb,  to  catch  the  street  water  and  lead  it  to  the  sewer. 
Fig.  10,  Pate  12  shews  a vertical  cross-section  of  a catch-basin,  in 
which  a ’Ms  a cast  iron  grate ; ” is  a cast  iron  cap ; ” is  the 
wall;  is  a 6"  elbow  built  in  the  wall. 

In  conclusion  the  remark  that  cleanliness  is  next  to  godliness  ’’ 
may  he  applied  to  a civic  corporation.  And  in  order  to  have  civic 
cleanliness  a sewerage  system  having  a swift  outlet,  maximum  grades, 
and  good  ventilation  is  an  attribute. 


THE  TESTING  OF  RAILWAY  MOTORS. 


By  P.  H.  Mitchell^  "03. 


Although  this  paper  will  deal  mainly  with  the  application  of  tests 
to  railway  motors,  an  idea  can  be  had  of  the  requirements  of  tests 
for  direct  current  motors  in  general. 

The  electric  railway  motor  is  being  continually  changed  in  de- 
tail according  to'  the  service  required  of  it.  Many  roads  will  require 
a perfectly  new  type  of  machine  designed  for  its  particular  conditions. 
The  rated  capacity  varies  from  about  15  h.p.  to  200  h.p.  There  is  a 
general  form,  however,  which  it  will  be  well  to  consider. 

The  modern  railway  motor  is  an  entirely  closed  structure.  Ex- 
perience shews  that  the  motor  should  be  protected  from  the  dirt  and 
moisture  that  is  bound  to  accumulate  in  service.  The  frame  or  hous- 
ing of  cast  iron  or  steel  is  approximately  cylindrical  in  shape  and 
of  the  smallest  dimensions  possible.  It  is  usually  divded  into  halves, 
so  that  it  can  be  readily  taken  apart  or  inspected. 

There  are  usually  four  pole  pieces.  These  are  made  up  of  lamin- 
ated, soft  steel  or  iron  punchings,  riveted  together  and  cast  in  the 
frame  or  attached  to  it  by  bolts.  The  latter  way  is  more  satisfactory 
as  better  spacing  is  secured.  The  coils  of  wire  are  form-wound  and 
thoroughly  protected  by  an  insulatijig  covering  with  good  heat  con- 
ducting qualities. 

The  armature  core  is  also  laminated,  and  must  be  comparatively 
small  or  its  iuertia  will  be  a defect  in  starting  or  stopping  suddenly. 
The  core  should  be  provided  with  air  passages,  which  are  adequate 
to  carry  off  the  heat  generated  in  coils  and  core.  Throughout  all  the 
construction  the  ventilation  must  be  carefully  considered.  The  arma- 
ture coils  are  held  in  longitudinal  slots  by  means  of  wedges  or  by 
binding  wire  which  is  wound  about  the  armature.  A small  number 
of  ampere-turns  is  advisable  so  as  to  have  low  self  induction.  If  the 
self  induction  is  higli  it  offers  a greater  resistance  to  the  reversal  of 
the  current,  thus  producing  sparking. 
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As  the  machine  must  run  in  both  directions  the  brushes  must 
be  set  on  the  neutral  point  to  obtain  good  commutation.  Carbon 
brushes  are  used  in  radial  brush-holders,  which  are  attached  to  the 
frame.  Two  brushes  are  usually  sufficient  for  the  higher  voltages 
where  the  current  is  not  so  great,  but  four  brushes  could  be  used 
without  altering  the  characteristics  of  the  machine.  When  the  brushes 
have  a backward  lead  the  commutation  is  best  for  forward  running, 
but  when  the  machine  is  reversed  the  brushes  will  have  a forward  lead 
which  is  objectionable  and  necessitates  the  shifting  of  the  brushes. 
When  the  brushes  cannot  be  shifted  for  each  reversal  it  is  necessary 
to  leave  them  on  the  neutral  point. 

The  capacity  of  a railway  motor  is  limited  by  the  sparking  at  the 
commutator,  and  by  the  heating  of  the  armature  and  field  coils.  The 
heating  of  the  windings  does  not  depend  only  on  the  current,  but 
also  upon  the  duration  of  the  load.  Upon  this  the  rating  is  based. 
If  a motor  is  rated  at  50  h.p.  it  signifies  that  it  should  run  for  one 
hour  with  full  load  and  have  its  rise  of  temperature  within  safe  limits, 
75°  C rise  from  25°  C,  being  considered  safe.  This  temperature  is 
seldom  produced  as  the  load  rarely  reaches  that  point,  and  ventilation 
is  better  when  in  service. 

Since  a large  starting  torque  is  required  to  start  a car  on  either 
a level  or  a grade  the  series  wound  motor  is  always  used.  As  the 
armature  current  passes  through  the  field  windings,  a series  wound 
machine  is  capable  of  enormous  starting  torque  because  the  torque 
is  proportional  directly  to  the  product  of  the  field  strength,  and  the 
armature  current,  and  the  field  strength  and  armature  current  will 
here  increase  together. 

Every  machine  must  undergo  a commercial  test.  The  methods 
employed  for  this  are  many,  but  they  all  have  about  the  same  require- 
ments. In  large  shops,  for  many  reasons,  it  is  found  cheaper  to  build 
two  similar  machines  together — even  if  only  one  is  ordered,  the  other 
is  retained  for  stock.  Where  this  is  done  the  following  method  may 
be  employed. 

The  motors  are  placed  with  their  gear  ends  together  (Fig.  1),  and 
joined  by  some  good  flexible  coupling  which  will  not  necessitate  great 
care  in  lining  up.  The  motors  are  clamped  to  a bed  plate.  When 
one  machine  runs  as  a motor  the  other  can  be  run  as  a generator  and 
electrically  loaded,  by  this  means  we  can  regulate  the  current  or  load 
on  the  motor.  [ 
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I will  give  this  test  in  detail.  For  convenience  let  us  consider  the 
test  of  two  similar  machines  of  about  50  h.p.  and  500  volts.  Call 
them  and  B.”  respectively. 

The  first  requirement  is  a test  for  grounds  in  each  machine.  It 
should  be  perfectly  safe  in  this  respect  with  the  application  of  a much 
higher  voltage  than  that  for  which  it  is  rated.  A 500  volt  machine 
should  stand  3,000  volts  A.  C.,  between  the  frame  and  the  windings. 
This  test  should  discover  the  presence  of  any  weak  spots.  The  high 
voltage  is  locally  obtained  from  a portable  step-up  transformer  from 
110  volts  A.  C.  for  the  primary  pressure.  A circuit  breaker  should 
be  in  the  secondary  circuit.  Several  steps  of  windings  on  the  second- 
ary which  can  be  easily  manipulated  make  it  a source  of  any  voltage 
we  need  in  this  kind  of  testing.  One  terminal  of  the  transformer  is 
applied  to  the  windings,  the  other  to  the  iron  or  steel  frame.  If  there 
is  a circuit  caused  by  a ground,  the  circuit  breaker,  being  set  for  very 
low  current,  will  fiy  open.  The  ground  can  be  located  by  re-applying 
The  current  and  watching  for  the  fiash  or  burning  insulation,  &c., 
inside  the  motor.  Sometimes,  however,  the  ground  may  not  be  visible. 
'The  machine  must  then  be  taken  apart  and  the  ground  searched  for. 


A very  necessary  preliminary  test  is  to  determine  if  the  insulation 
Tesistance  is  sufficient.  Measurements  should  be  taken  both  hot  and 
cold.  The  resistance  will  be  found  very  much  lower  hot  than  cold, 
especially  when  the  machine  is  rapidly  heated.  About  1 megohm  is 
considered  sufficient  resistance.  This  is  conveniently  measured  by 
means  of  a high  resistance  voltmeter  and  direct  current.  The  volt- 
meter should  be  read  when  connected  in  series  with  the  unknown  re- 
sistance across  the  D.  C.  lines  (Fig.  2).  If  ‘^e^^  be  the  observed 
voltage,  the  voltage  of  the  line  and  the  resistance  of  the 


voltmeter,  then  the  insulation  resistance 


. With  a 500 


volt  voltmeter  reading  across  500  volts  D.  C.,  one  megohm  or  1,000,000 
ohms  in  series  with  the  voltmeter  gives  a deflection  of  about  35  volts 
(assuming  resistance  of  voltmeter  equal  to  75,000  ohms). 

In  the  running  test  we  need  a source  of  current  of  500  volts. 
This  pressure  is  not  always  obtainable  so  we  must  have  a booster  ” 
in  the  circuit.  A booster  is  a generator  run  by  a motor  or  some  other 
steady  power.  The  line  with  the  pressure  which  we  wish  to  raise 
or  lower  has  the  armature  of  the  booster  generator  in  series  with  it. 
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'The  field  is  separately  excited  by,  say,  110  volts,  and  is  completely 
.controllable  by  a rheostat.  By  generating  an  E.  M.  F.  in  the  same 
direction  as  the  line  E.  M.  F.  we  can  boost  np  or  by  an  opposing 
E.  M.  F.  boost  down  the  voltage,  and  thus  obtain  exactly  what  we 
wish. 


We  also  require  resistance  for  the  load  on  the  generator  or  motor 
running  as  a generator.  This  is  handily  arranged  with  heavy  low  re- 
sistance coils  which  can  be  readily  placed  in  series  or  in  parallel 
across  the  generator  terminals.  The  less  the  resistance  gf  course,  the 
greater  the  current  and  the  greater  the  load  on  the  generator  and 
motor.  A rheostat  for  heavy  currents  in  series  with  the  rack  of  re- 
sistance will  give  a fine  adjustment  of  the  load. 

As  there  is  not  likely  to  be  any  residual  magnetism  in  the  poles 
of  a new  motor  it  will  be  necessary  to  send  a current  through  the 
field  of  the  machine,  say  B.,  which  first  runs  as  generator.  This  will 
magnetize  the  field  and  on  withdrawal  leave  some  residual  magnetism 
and  allow  B.  to  readily  pick  up  its  load.  At  the  same  time  we 
can  test  for  the  electric  circuit  and  get  the  cold  resistance.  Current 
is  sent  through  both  machines  in  such  a way  that  they  will  buck  or 
oppose  the  rotation  of  each  other.  We  can  thus  put  a heavy  current 
through  without  motion  and  get  resistance  of  both  field  and  armature 
undisturbed  by  C.  E.  M.  F.  in  the  armatures.  This  is  done  by  plac- 
ing a voltmeter  across  each  part  and  taking  the  drop.  If  we  had  50 
amperes  fiowing  through  each  machine  and  the  voltmeter  read  20  volts 


across  a field,  we  would  get  E.  in  ohms  from  R 
law;  liere  ^ .4  ohms. 


^ derived  from  Ohm^s 

C 


Now  we  are  ready  to  start  the  motors  on  a temperature  run.  As 
in  practice  a railway  motor  seldom  is  fully  loaded,  a f load  is  a high 
test,  this  load  being  given  for  1 hour.  The  temperature  limit,  of 
course,  is  reduced  for  this  (about  45 °C  rise  is  allowed).  An  overload 
of  1^  load  is  also  given  for  a few  minutes. 

Suppose  the  J load  is  68  amperes.  load  for  this  particular 
machine  would  be  say,  118  amperes.  Experience  teaches  the  amount 
of  resistance  required  for  this  load  of  68  amperes,  and  enough  load 
should  first  be  put  on  the  generator  B to  keep  the  motor  A from 
rnnning  away.^^  The  load  is  brought  up  to  68  amperes  by  arranging 
the  resistance  in  the  rack;  the  voltage  is  500,  and  the  standard  speed 
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is  say,  600  R.P.M.  A variation  of  5%  in  speed  is  allowed,  that  is,  it 
may  fall  to  570  or  go  as  high  as  630,  and  he  considered  all  right  in 
this  respect.  The  speed  of  a series  motor  will  drop  when  the  machine 
becomes  heated.  The  number  of  revolutions  is  taken  by  means  of  a 
speed  indicator  and  watch,  or  by  a tachometer,  and  noted  on  the  test- 
sheet  which  will  contain  the  record  for  the  whole  test.  The  direction 
of  rotation  is  also  noted,  whether  right  handed  or  left  handed,  i.e., 
clockwise  or  counterclockwise  respectively. 

The  machine  B,  which  has  been  running  as  a generator,  will  now 
take  its  turn  as  a motor,  and  the  same  tests  repeated.  This  machine 
now  runs  for  half  an  hour  as  a motor,  and  then  again  the  speed  is 
taken  on  a f load.  The  drop  across  the  held  is  measured  again.  The 
resistance  is  worked  out  from  this  and  by  its  rise  we  can  keep  track  of 
the  rise  in  temperature,  allowing  2^°C  rise  for  1%  rise  in  resistance 
of  the  copper  wire.- 

The  current  through  the  armature  of  B is  now  reversed,  and  the 
machine  rotates  in  the  opposite  way.  The  current  is  made  the  same  in 
amount  as  before  and  the  speed  taken.  The  speed  in  one  direction 
should  check  with  the  speed  in  the  other,  shewing  the  symmetrical  ar- 
rangement of  the  brushes.  If  the  speeds  are  not  nearly  the  same  the 
brushes  must  be  shifted — a backward  lead  in  one  direction  being  a 
forward  lead  in  the  other,  causing  higher  speed  in  the  former  than  in 
the  latter  direction. 

A load  is  now  applied.  The  speed  will  drop  considerably,  say 
to  475  E.P.M.  from  600.  A is  then  run  again  as  a motor,  and  the 
load  applied  on  it,  then  the  f load  in  each  direction  and  resistance  of 
the  field  taken.  A runs  for  half  an  hour  with  the  last  load  and  the 
speed  taken  again.  This  gives  us  the  speed  when  the  machine  is  in  a 
fully  heated  condition.  B is  again  run  for  this  speed,  and  the  resist- 
ance of  the  field  taken. 

By  watching  the  rise  in  the  field  resistance  we  can  well  keep  track 
of  the  temperature  rise.  This  is  often  supplemented  by  taking  tem- 
peratures with  thermometers,  although  here  we  merely  get  the  surface 
conditions.  If  the  temperature  of  the  outside  of  the  insulated  field 
coil  is  about  the  same  as  the  coil  itself  by  the  resistance  method,  we 
conclude  that  the  insulation  is  a good  conductor  of  heat.  The  follow- 
ing method  of  taking  temperatures  by  thermometers  is  employed : — 
The  ordinary  thermometers  such  as  we  have  in  the  laboratory  are  used. 
Temperature  of  field  coils  should  be  taken  by  thermometers  laid  on  the 
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surface,  and  covered  with  waste.  The  same  way  with  the  armature, 
care  must  be  taken,  of  course,  that  the  armature  is  not  turned  so  as 
to  break  the  thermometer.  The  commutator  must  receive  the  first 
attention,  as  it  cools  very  fast.  The  temperature  is  read  every  few 
minutes  until  a maximum  is  reached,  this  is  rated  on  the  test  sheet. 

This  completes  a one-hour  heat  run  for  each  machine,  and  after 
final  insulation  tests  and  a high  speed  run  the  entire  commercial  test 
is  completed. 

The  machines  are  now  separated  from  each  other  and  the  current 
slowly  turned  on  and  each  motor  allowed  to  speed  up  on  no  load.  A 
machine  of  this  kind  should  safely  run  at  1,800  K.P.M.,  or  about  3 
times  its  rated  speed.  This  speed  must  be  determined  by  a tachometer, 
or  some  device  which  will  immediately  indicate  the  number  of  revolu- 
tions per  minute. 

Leakage  is  again  taken,  and  will  be  found  to  have  very  much  in- 
creased, as  the  resistance  of  the  insulation  will  decrease  v/hen  heated. 
When  the  machine  has  cooled  down  enough,  we  can  give  it  its  final 
high  voltage  test.  This  is  applied  in  the  same  way  as  previously 
stated,  and  if  the  machine  stands  it  the  motor  is  O.K.Tl  and  leaves  the 
testers  hands. 

Of  course,  all  these  operations  are  controlled  from  one  switch- 
board, on  which  the  simplest  and  handiest  arrangement  of  switches, 
plugs,  &c.,  possible,  is  used. 

I will  now  give  the  methods  of  applying  such  tests  as  for 
hysteresis,  eddy  currents,  and  friction  of  the  armature,  the  tests  re- 
quired for  saturation  curves,  field  distribution  and  the  determination 
of  the  commercial  efficiency. 

The  losses  in  a motor  armature  can  be  divided  into  three  groups, 
thus : — 

I.  Copper  losses — 

(a)  Armature  C^R  loss. 

(h)  Loss  by  eddy  currents  in  wire; 

II.  Iron  losses — 

(a)  Hysteresis, 

(h)  Eddy  currents; 

III.  Friction  losses, 

(a)  bearing, 

( h ) brush, 

(c)  air  resistance; 


60 


THE  TESTING  OF  RAILWAY  MOTORS. 


With  the  exception  of  the  air  resistance  loss^,  all  evidence  them- 
selves as  heat. 

The  resistance  and  friction  losses  usually  occasion  the  greatest 
rise  in  temperature ; in  a well  designed  machine  the  rise  in  temperature 
due  to  the  iron  losses  can  scarcely  be  noticed. 

Hysteresis  can  be  partly  overcome  by  careful  selection  of  the  iron. 
Very  thin,  soft,  sheet  iron  gives  best  results.  Steimnetz  gives  the  fol- 
lowing formula  for  hysteresis  loss  in  ergs  per  cubic  centimeter  of  iron, 
per  cycle  H=nB  ' y where  n is  a constant  depending  upon  the  kind  of 
iron;  thus  n=.0015  for  thin,  soft,  sheet  iron,  and=.025  for  hardened 
cast  steel.  How  from  this  we  see  that  the  hysteresis  loss  varies  directly 
with  the  speed,  and  with  the  1.6th  power  of  B,  the  density  of  lines 
through  the  revolving  armature  iron. 

Eddy  currents  are  local  currents  in  the  iron  core,  caused  by  the 
E.M.F.^s  generated  by  moving  the  core  in  the  field.  The  loss  increases 
as  the  square  of  the  number  of  revolutions  per  second  and  as  the 
square  of  B.  This  loss  is  considerably  decreased  by  insulating  between 
the  core  disks  by  varnishing  or  rusting  the  disks,  or  by  applying  paper 
insulation.  To  provide  better  ventilation  the  core  usually  has  venti- 
lating ducts. 

Friction  is  found  to  be  practically  constant  for  all  loads  at  c:>a- 
stant  speed,  and  varies  directly  with  the  speed. 

The  armature  C^E  loss  is  easily  calculated,  and  the  loss  by  eddy 
currents  in  conductors  is  made  negligible  by  using  several  small  con- 
ductors in  parallel  instead  of  one  large  one.  We  can  determine  the 
total  losses  of  eddy  currents,  hysteresis,  and  friction  by  this  method. 

The  motor  is  run  separately  excited  with  a constant  field  and  no 
load.  Current  is  supplied  to  the  armature  and  varied  to  give  a range 
of  speeds.  (Eig.  3). 

VCa  = Power  delivered  to  armature ; 

= Power  wasted  in  heat  in  armature  winding ; 

VCa  — Ca^Ra  = Stray  power; 

How  E = V — CaRa 

ECa  VCa  — Ca^Ra  = Stray  power. 

The  last  equation  gives  the  losses  in  watts  in  terms  of  the  two 
readable  quantities,  V the  drop  across  brushes ; and  Ca  the  current 
through  the  armature. 
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To  further  separate^  since  eddiy  currents  vary  as  the  square  of  the 
speed,  and  hysteresis  and  friction  vary  directly  with  the  speed,  we 
can  determine  the  eddy  currents  thus : — 

L— total  loss  in  watts ; 

F— loss  in  friction; 

H=loss  in  hysteresis; 

-D— loss  in  eddy  currents; 

I/— F + H + D at  first  speed,  (1) 

= KF  + KH  -f-  at  some  other  speeds  (3) 

K times  the  first,  where  say, 

K X (1)  = KF  + kH  + KD,  (3) 

L,— KL  =KD  (K-1), 

L,-KL 

K(K-l) 

Kow  as  hysteresis  and  friction  vary  directly  as  the  speed  we 
must  obtain  one  of  these  losses  to  get  the  other.  The  friction  value 
can  be  approximately  determined  in  watts.  The  machine  is  run  as  a 
series  motor  on  a very  low  voltage,  and  the  loss  VC  — C^R  is  plotted 
as  before  on  a speed  base.  This  neglects  the  slight  core  losses  which 
are  present,  as  the  field  is  very  weak. 

Having  found  the  total  losses,  and  subtracted  eddy  currents  and 
friction  losses,  the  hysteresis  loss  is  the  remainder. 

When  a dynamo  or  motor  is  to  be  run  at  a rated  speed  the  core 
loss  is  usually  obtained  for  that  speed  under  varying  conditions  of 
field.  Curves  are  plotted  on  a basis  of  watts  loss  for  field  amperes. 

This  is  obtained  in  the  following  manner.  (See  Fig.  4). 

The  armature  under  test  is  belted  to  a motor  through  which  is 
electrically  measured  the  work  done  in  the  system.  The  instruments 
required  are a voltmeter  across  the  motor  aramature,  an  ammeter  in 
the  motor  circuit,  and  one  in  each  field.  A rheostat  should  be  placeel 
to  control  the  field  of  each  machine.  A speed  indicator  is  required  tO' 
determine  the  speed. 

If  friction  is  required  in  watts  we  must  connect  motor  and 
dynamo  shaft  by  some  fiexible  coupling,  as  in  using  belting  Ave  Avill 
introduce  complications.  The  power  required  to  drive  the  motor  alone 
at  the  rated  speed  is  equal  to  the  product  of  the  impressed  voltage 
and  the  current  through  the  armature ; of  this  C^R  is  copper  loss. 
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The  motor  is  then  connected  np  to  the  armature,  and  the  power 
consumed  in  revolving  it  at  the  standard  speed  with  absolutely  no 
field  is  determined. 

V = impressed  voltage  at  motor ; 

C = current  through  armature  running  light ; 

Ca  = current  through  motor  armature  when  connected  to  dynamo 
armature ; 

E = resistance  of  motor  armature. 

Then  (VCa  — Ca^E)  — (VC  — C^E)  = friction  loss  in  watts 
at  standard  speed. 

Now  supply  a series  of  field  currents  to  the  field  of  the  machine 
under  test,  and  note  the  power  consumed  by  the  motor  while  still 
attaining  the  standard  speed. 

As  the  dynamo^s  field  increases  so  do  the  stray  power  losses  in 
the  core,  and  the  motor  must  be  supplied  with  more  current  or  the 
speed  will  fall.  These  increases  in  the  amount  of  current  represent 
the  rise  in  the  hysteresis  and  eddy  current  losses  since  the  friction  is 
constant  with  constant  speed.  In  each  case  we  must  subtract  the  C^E 
from  the  motor’s  input. 

If  we  wish  to  separate  the  brush  friction  we  can  do  so  by  taking 
the  friction  test  with  brushes  off  and  brushes  on.  The  difference  gives 
this  loss  in  watts. 

The  commercial  efficiency  of  a dynamo  or  motor  is  equal  to  the 
net  input  divided  by  the  output. 

or  f = Wo  - Wi  = Wi  — L = W,  -f  (Wo  + L). 

Where  f = commercial  efficiency ; 

Wo  = output  in  watts ; 

Wi  = input  in  watts  ; 

L = total  loss. 

In  the  case  of  a generator,  where  the  output  can  be  measured  elec- 
trically,, we  should  use  the  last  form ; in  the  case  of  motors  we  should 
use  the  second  expression.  L,  the  total  loss  consists  of  the  armature 
losses  previously  mentioned,  and  the  C^E  loss  in  the  field.  C^E  can 
be  determined  for  any  load  provided  we  know  the  resistance  warm. 

The  output  of  a motor  is  often  determined  by  means  of  a Prony 
brake  or  dynamometer.  In  this  test  a pulley  of  suitable  dimensions  and 
construction  is  put  on  the  motor  shaft.  To  absorb  the  power  a friction 
brake,  consisting  of  a series  of  wooden  shoes  fastened  at  equal  intervals 
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to  a flexible  strap  of  either  leather  or  steely  encircles  the  pulley.  The 
friction  is  adjustable  by  means  of  screws  which  put  tension  on  the  belt. 
An  arm  attached  to  the  brake  rests  on  the  platform  of  a weighing  scale 
and  prevents  the  brake  turning  with  the  pulley. 

Since  heat  is  generated  by  the  friction_,  some  means  must  be  taken 
for  keeping  the  pulley  cool.  A common  method  is  to  provide  the 
pulley  with  deep  inside  flanges,  and  after  the  machine  reaches  its 
proper  speed  water  is  poured  in,  which  will,  by  the  centrifugal  force, 
stay  in  the  inner  circumference.  By  a suitable  arrangement  of  pipes 
a flow  of  water  to  and  from  the  pulley  may  be  maintained. 

The  work  done  on  the  brake  per  minute  is  the  product  of  the 
following  terms: — h=the  horizontal  distance  between  the  centre  of 
the  brake  pulley  and  the  point  of  bearing  on  the  scales,  in  feet ; n— 
number  of  revolutions  of  the  pulley  per  second;  W=  force  in  pounds 
which  brake  exerts  on  scales  less  the  tear  or  force  exerted  by  the 
dead  brake. 


Power  ~2  ir  I n w=foot-pounds  per  second. 

and  H.R  = 

550 

The  input  to  the  motor  is  measured  in  watts,  and  can  be  reduced 
to  horse-power  by  dividing  the  watts  by  746 ; or  the  power  absorbed  by 
the  brake  can  be  reduced  to  watts  as  follows : — 

If  the  length  I,  be  given  in  centimeters,  and  the  weight,  w,  be 
taken  in  grains,  the  power  absorbed  by  the  brake  is  measured  directly 
in  ergs  per  second,  and  as  one  watt  = 10^  ergs  per  second,  the  watts 

■output  at  the  brake  — ^ ^ ^ ^ ^ ^ = Wo. 

^ 10^ 

W 

The  watts  input  = and  efficiency  % ==  X 100. 

If  the  output  is  measured  in  Z = feet  and  W = lbs.,  then 
:2.72  7T  I w. 


Input  in  h.p.  = --t  = h.p. 

746 

2.  xTT-n  2 TT  I n W 

Output  H.P.  = — 

^ 550 

H P 

And  efficiency  % = 100  -j— ' 

The  next  test  to  be  considered  is  the  saturation  test.  This  shews 
the  quality  of  the  magnetic  circuit  of  a dynamo  or  motor,  and 
especially  the  amount  of  current  necessary  to  magnetize  the  field  cores 
.and  yokes  to  a proper  intensity.  The  test  is  run  with  all  the  more 
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common  sources  of  error,  connections,  loose  joints,  &c.,  eliminated. 
The  armature  must  be  driven  by  some  outside  power  at  a constant 
speed  and  without  load.  A voltmeter  is  placed  across  the  brushes.  The 
field  must  be  separately  excited  and  must  have  in  its  circuit  a rheostat 
capable  of  fine  adjustment  of  the  exciting  current,  and  an  ammeter. 
We  record  the  current  in  the  field  and  the  volts  at  the  brushes, 
plotting  a curve  with  the  amperes  as  abscissae  and  the  volts  as  ordin- 
ates. Should  there  be  sufficient  residual  magnetism  in  the  iron  to  pro- 
duce any  pressure  without  supplying  exciting  current,  such  pressure 
should  be  recorded ; or  perhaps  a better  wny  is  to  start  at  zero  voltage 
by  entirely  demagnetizing  the  fields  by  momentary  reversal  of  the 
exciting  current. 

To  start  the  test,  read  the  pressure,  due  to  the  residual  magnetism 
if  not  demagnetized^  or  if  demagnetized,  start  at  zero.  Give  the  fields 
a small  exciting  current,  and  read  the  voltage  at  the  armature  ter- 
minals ; at  the  same  time,  read  the  current  in  the  field,  and  the  revolu- 
tions of  the  armature.  Increase  the  excitation  in  small  steps  until 
the  figures  shew  that  the  knee  of  the  iron  curve  has  been  passed 
by  several  points ; then  reverse  the  operation,  decreasing  the  excitation 
by  like  amounts  of  current,  until  zero  potential  is  reached. 

The  rapid  increase  of  E.M.F.  at  first  shews  the  iron  to  be  far  from 
saturation,  but  as  the  knee  of  the  curve  is  reached,  the  iron  becomes 
more  highly  magnetized,  and  just  past  the  knee  is  said  to  be  prac- 
tically saturated.  Beyond  this  point  increase  in  magnetization  requires 
greatly  increased  exciting  current,  and  it  is  uneconomical  to  use  a 
larger  current  than  that  corresponding  to  the  point  just  beyond  the 
knee. 

Closely  related  to  this  test  is  that  of  field  distribution.  We  find 
the  variation  of  the  strength  of  field  from  point  to  point  between  the 
brushes,  and  decide  whether  we  could  make  any  improvement  by  alter- 
ing any  of  the  details  of  construction. 

The  method  generally  used  in  the  determination  of  the  field  form, 
was  devised  by  Silvanus  P.  Thompson,  and  consists  in  attaching  the 
terminals  of  a sensitive  voltmeter  to  two  exploring  brushes  held  far 
enough  apart  to  span  the  insulation  between  adjacent  bars  of  the  com- 
mutator. (Fig.  5.)  By  moving  these  brushes  from  bar  to  bar  of  the 
commutator  we  can  measure  the  voltage  generated  by  each  individual 
coil  as  it  moves  through  that  portion  of  the  field  while  running  at  the 
rated  speed.  By  plotting  the  voltage  vertically,  and  the  distance  be- 
tween the  exploring  brushes  and  the  neutral  point  horizontally,  we 
obtain  a curve  which  shews  us  the  distribution  of  the  field.  This 
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should  be  taken  for  no  load  and  full  load  in  the  same  manner.  (Curve 
B). 

Another  way  of  plotting  the  readings  is  by  representing  the 
armature  by  a circle,  and  drawing  the  E.  M.  F.  curve  around  it ; con- 
sidering the  circumference  of  the  circle  as  a base  line  and  the  vertical 
scale  radial  to  it.  (Curve  C). 

It  will  be  noticed  that  in  some  machines  we  may  explore  several 
points  from  the  neutral  without  any  deflection  of  the  voltmeter,  and 
then  it  gradually  attains  the  maximum,  which  with  no  load  should  be 
equidistant  from  each  neutral  point,  and  make  the  curve  symmetrical. 
To  facilitate  this  method,  where  many  similar  machines  are  tested, 
a strap  or  band  of  fibre-board,  or  other  stiff  insulating  material  of 
suitable  dimensions  to  reach  from  brush  to  brush,  is  pierced  with  small 
holes  evenly  spaced  to  correspond  with  the  spacing  of  the  commutator 
bars  in  the  arc  to  be  explored.  Hard  lead  pencils  may  be  used  as  the 
exploring  brushes  by  making  good  contact  to  the  lead  with 
the  voltmeter  terminals.  The  pencil  points  are  put  in  adjacent  holes 
and  the  voltage  between  them  read.  By  numbering  the  holes  we  avoid 
the  bother  of  measuring  the  distance  traversed  every  time.  The 
sum  of  the^e  separate  E.  M.  F.’s  equals  the  voltage  across 
the  main  brushes,  if  there  is  no  CE  drop  at  the  contact  points. 

A regulation  test  consists  in  establishing  the  ratio  between  the 
drop  in  the  speed  of  the  motor  from  no  load  to  full  load,  and  the  speed 
at  full  load.  This  ratio  is  called  the  regulation  of  the  motor. 

The  full  rated  load  is  applied,  and  the  brush  and  field  rheostat  (if 
any)  are  adjusted  to  meet  the  specified  conditions  of  full  load. 
Measurements  at  this  point  are  taken  and  at  about  ten  other  points, 
as  the  load  is  gradually  decreased. 

At  each  step  the  following  readings  are  taken: — 

Amperes,  input; 

Volts  at  machine  terminals  (constant) ; 

Speed  of  armature; 

Amperes  in  the  shunt  field  (if  any). 

As  a large  series  motor  cannot  take  rated  voltage  with  no  load,  on 
account  of  the  high  speed  developed,  this  is  not  applicable  to  this 
motor. 

It  is  understood,  of  course,  that  in  the  process  of  construction  of 
all  machines,  tests  for  grounds  and  all  common  faults  of  workmanship 
must  constantly  be  applied  while  the  machine  is  being  assembled. 

5 
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THE  WATER  SUPPLY  OF  BERLIN. 


Herbert  J.  Bowman,  M.  Can.  Soc.  C.  E. 


In  the  year  1883,  when  the  Town  of  Berlin  had  reached  a popu- 
lation of  about  4,000,  the  need  of  a public  water  supply  began  to  be 
felt,  more  particularly  to  provide  adequate  fire  protection,  although 
the  well  water,  especially  in  the  business  part  of  the  town,  was  often 
contaminated.  In  the  summer  of  1884  the  Town  Council  engaged 
Savage  & Palmer,  of  Petrolea,  who  started  to  drive  a 6-in.  well  at 
the  corner  of  King  and  Foundry  Streets,  near  the  centre  of  the  town. 
The  well  was  put  down  a depth  of  550  feet,  but  never  flowed  at  the 
surface.  A supply  of  strong  mineral  water  was  struck,  sufficient  to 
keep  the  steam  pump  procured  for  the  purpose  going  at  its  full  capa- 
city. Afterwards  it  was  proposed  to  pump  this  water  for  fire  protec- 
tion for  the  centre  of  the  town,  but  finally  a hand  pump  was  put  in, 
and  for  a year  or  two  the  man  who  sprinkled  the  streets  made  use  of 
it  to  fill  his  cart.  When  the  Economical  Fire  Insurance  block  was  built 
the  well  was  covered  up,  and  there  is  now  nothing  to  show  for  the 
$1,500  expended  on  this  experiment. 

In  1885  two  different  manufacturing  concerns  communicated 
with  the  Town  Council  in  regard  to  a supply  of  water.  The  first 
communication  was  a request  for  assistance  to  put  down  another 
driven  well  not  very  far  from  the  site  of  the  first  attempt  and  at 
about  the  same  level.  The  opposition  scheme  suggested  a supply  of 
water  from  the  Grand  river,  but  no  action  was  taken  on  either. 

In  1886  the  town,  having  grown  to  have  a population  of  6,000^ 
the  Council  took  up  the  water  supply  question  in  earnest,  and  sent  a 
deputation  to  visit  surrounding  towns  having  water  works  systems. 
On  the  return  of  this  deputation  the  Council  prepared  estimates  for  a 
proposed  system  of  water  works  to  cost  $35,000.  The  source  of 
supply  was  to  be  an  artesian  well,  which  it  was  confidently  expected 
would  be  obtained  if  the  experiment  was  tried  at  the  low  ground  now 
covered  by  the  artificial  lake  in  Victoria  Park,  the  elevation  of  which 
is  about  the  same  as  the  part  of  the  adjoining  town  of  Waterloo 
where  artesian  wells  were  quite  numerous.  So  a by-law  to  raise  the 
amount  considered  necessary  was  submitted  to  the  ratepayers  at  the 
January  elections  in  1887.  At  that  time  this  was  considered  a large 
sum  to  raise,  and  as  there  was  no  certainty  of  getting  a supply  of 
water,  the  ratepayers  voted  down  the  proposition.  About  ten  years 
after,  when  Victoria  Park  was  acquired,  the  Park  Board  put  down  a 
well  near  the  site  of  the  proposed  pumping  station,  but  only  succeeded 
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in  getting  a small  flow  of  mineral  water  which  afterwards  ceased,  so 
that  the  hesitation  of  the  ratepayers  to  endorse  this  scheme  was 
justifled. 

A few  months  after  the  refusal  of  the  ratepayers  to  build,  a water 
works  system  at  the  public  expense,  the  Town  Council  advertised  that 
they  would  entertain  offers  from  private  companies,  and  in  July, 
1887,  entered  into  a contract  with  Moffet,  Hodgkins  & Clarke,  of 
Watertown,  H.Y.,  to  put  down  six  and  a half  miles  of  water  mains 
with  65  hydrants,  at  an  annual  rental  of  $3,190,  and  $45  each  for  any 
additional  hydrants  placed  on  extensions  not  more  than  500  feet 
apart.  The  contract  contained  the  following  clause : — 

The  water  supply  in  the  discretion  of  the  company  may  be 
taken  from  the  lake,  known  as  Shoemakeffs  Lake,  or  from  wells, 
springs,  or  other  sources;  provided,  however,  that  the  water  supplied 
shall  in  the  outset,  and  at  all  times  thereafter,  he  ample  in  quantity 
for  all  the  purposes  aforesaid,  and  he  pure,  good  and  wholesome  water, 
and  shall  at  all  times  he  subject  to,  and  shall  be  such  as  shall  be 
approved  of  by  the  Board  of  Health  of  the  Town  of  Berlin/^ 

It  was  also  provided  that  if  the  quality  of  water  should  fail  to 
be  that  called  for  by  the  contract,  the  hydrant  rental  should  cease 
until  the  water  supplied  be  to  the  satisfaction  of  the  Provincial  Board 
of  Health. 

Under  this  contract  the  Berlin  Water  Works  Company  began 
operations  in  the  spring  of  1888.  The  contract  gave  them  every 
possible  choice  in  the  selection  of  a water  supply,  only  requiring  that 
it  be  ample  in  quantity  and  of  good  quality,  but  the  supply  chosen 
lacked  both  of  these  essentials.  The  representatives  of  the  company 
were  taken  to  see  the  artesian  wells  owned  by  private  parties  in 
Waterloo,  the  large  spring  near  Bridgeport,  the  Grand  river,  and 
other  possible  sources  for  a water  supply,  but  they  finally  decided  to 
dig  a well  where  a small  spring  bubbled  up  near  the  margin  of  a little 
pond  known  locally  as  Shoemaker^s  Lake.  It  was  expected  that  as 
the  well  was  excavated,  this  spring  would  increase  and  furnish  a 
sufficient  water  supply,  and  that  the  pipe  to  the  lake  would  only  be 
opened  in  an  emergency  as  might  happen  in  case  of  a large  fire.  The 
Provincial  Board  of  Health  gave  their  consent  to  the  source  of  supply, 
and  the  company  bought  an  acre  of  land  adjoining  the  lake  for  $500, 
and  excavated  a large  well,  but,  unfortunately,  the  spring-water  did 
not  increase  materially,  and  the  lake  water  had  to  be  depended  upon. 
From  the  nature  of  the  surroundings,  the  lake’s  muddy  bottom  and 
sliallow  shores,  this  water  was  highly  charged  with  organic  matter. 


-BERLIN  WATER  WORKS 
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and  in  warm  weather  was  very  disagreeable  to  the  taste.  However, 
the  works  were  completed  in  October,  1888,  and  after  a test  by  the 
Town  Council  as  to  the  efficiency  of  the  fire  protection,  the  hydrant 
rental  began.  The  supply  of  water  proved  sufficient  in  quantity  for 
the  first  winter,  but  as  the  number  of  consumers  increased  and  the 
warm  weather  coming  on  the  level  of  the  lake  began  to  fall.  About 
a quarter  of  a mile  away  and  at  a higher  elevation  was  a dam  supply- 
ing power  to  a small  saw-mill.  A ditch  was  dug  and  the  waste  water 
from  this  was  diverted  into  the  lake.  In  a short  time,  however,  the 
owmer  put  a stop  to  this,  and  the  lake  was  again  pumped  down  until 
the  inlet  pipe  to  the  well  was  exposed.  In  the  meantime,  that  is, 
during  the  summer  of  1889,  the  company  had  extended  the  water 
mains  to  supply  the  adjoining  Town  of  Waterloo.  As  these  mains 
were  now  complete  and  the  test  of  six  fire  streams  eighty  feet  high, 
had  to  be  made,  the  lake  had  to  be  restored  to  its  old  level  before  the 
pumps  could  supply  the  water.  To  do  this  meant  the  purchase  of  the 
saw-mill  and  water  privilege,  which  was  done  at  a cost  of  $5,700,  in- 
cluding the  cost  of  the  land  around  the  dam.  It  was  expected  that 
this  outlay  would  provide  an  adequate  water  supply  for  the  two  towns 
for  all  time  to  come,  but  it  proved  to  be  only  a temporary  relief.  In 
1890  a sewer-pipe  conduit  was  laid  from  the  dam  direct  to  the  pump- 
ing well,  but  in  hot  weather  the  water  turned  out  to  be  almost  as 
objectionable  as  the  lake  water,  and  before  long  the  dam  was  let  off 
> and  the  little  creek  was  made  to  flow  into  the  lake  which  was  again 
used  to  pump  from.  From  this  time  on  the  lake  was  in  constant  use 
as  a storage  reservoir  until  within  the  last  two  years.  After  the 
dam  was  let  off  it  was  seen  that  in  the  summer  one  of  the  little  creeks 
which  supplied  it  went  dry,  and  the  other  furnished  only  a very 
small  quantity  of  water.  This  is  now  estimated  at  only  about  a hun- 
dred thousand  gallons  per  day,  part  of  which  is  from  farm  tiles. 

To  improve  the  water  supply  and,  as  a consequence,  the  revenue, 
the  company  seriously  considered  building  another  pumping  station 
at  Waterloo,  but  after  a long  delay,  they  decided  to  try  for  an  artesian 
well  close  to  Berlin  pumping  station.  This  they  did  in  1896,  and  were 
successful,  getting  a flow  of  about  200,000  gallons  from  a 5-in.  pipe. 
This  improved  the  quality  of  the  water  very  much,  and  as  the  pros- 
pects of  getting  other  wells  near  the  pumping  station  were  good,  the 
Town  Council  decided  in  1898,  at  the  end  of  the  ten  years,  to  pur- 
chase the  water  works,  agreeing  with  the  company  to  pay  $105,000 
for  tlie  system  with  supplies,  &c.  Accordingly,  in  October,  1898,  the 
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Town  Council  began  to  operate  the  water  works,  and  in  Jannar}", 
1899,  the  Water  Commissioners  took  charge.  Upon  taking  office  the 
Commissioners  immediately  took  steps  to  improve  the  water  supply, 
and  contracted  with  Eraser  & Harvey,  of  Petrolea,  to  put  down  a 
number  of  artesian  wells.  The  first  well  was  located  between  the 
pumping  station  and  the  old  mill  dam,  and  at  a depth  of  113  feet  a 
fiow  of  over  100,000  gallons  per  day  of  excellent  water  was  obtained. 
The  next  move  was  to  a point  between  the  dam  and  the  road,  where  a 
fiow  of  over  200,000  gallons  was  struck  at  a depth  of  156  feet;  this 
proved  to  be  the  best  well  of  all  those  put  down  in  connection  with 
these  works.  The  diameter  of  the  drive  pipe  used  in  this  and  nearly 
all  the  other  wells  is  8 inches.  The  water  generally  comes  from  a 
gravel  stratum  overlying  the  limestone  rock,  and  is  of  excellent 
quality  and  not  as  hard  as  might  be  expected.  With  a view  of  testing 
the  area  of  the  water-bearing  district,  the  Commissioners  have  since 
continued  the  w^ork  of  boring,  nineteen  wells  having  been  put  down  to 
date,  and  adding  the  two  wells  put  down  by  the  company,  makes  a 
total  of  twenty-one  wells,  costing  over  $10,000.  It  was  hoped  that 
wells  could  be  got  all  along  the  little  stream  flowing  easterly  from  the 
water  works  property  towards  the  town,  but  the  wells  at  Mill  Street, 
Courtland  Avenue  and  Albert  Street,  were  failures,  although  carried 
down  into  the  rock.  At  Mill  Street  the  rock  was  struck  at  a depth  of 
165  feet,  and  the  drilling  was  continued  to  a depth  of  323  feet,  but 
only  to  find  strong  mineral  water  and  with  insufficient  head  to  fiow 
at  the  surface.  Corresponding  results  were  obtained  at  Courtland 
Avenue  and  Albert  Street,  although  the  drilling  in  the  rock  was  not 
continued  so  deep.  The  limit  of  the  water-bearing  district  has 
similarly  been  defined  to  the  north  and  to  the  south,  but  so  far  has  not 
been  reached  to  the  west,  and  good  wells  may  possibly  be  found  in 
that  direction  at  some  future  day. 

At  the  present  time  about  a half  million  gallons  of  water  per 
day,  by  actual  measurement,  are  obtained  from  the  wells  in  use,  and 
about  half  this  quantity  could  in  addition  be  had  from  wells  too  far 
away  from  the  present  pumping  station  to  be  used.  So  that  we  have 
in  sight  about  three-quarters  of  a million  gallons  per  day  of  artesian 
well  water,  which  could  no  doubt  be  increased  to  a million  gallons  per 
day  if  pumping  by  compressed  air  were  resorted  to. 

At  the  present  time  there  are  1,238  water  services  in  the  Town' 
of  Berlin,  a large  increase  having  taken  place  since  the  works  have 
come  under  municipal  control,  and  since  the  improvement  of  tlie 
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water  supply.  Of  this  number  698  are  flat  rate  services  and  540  are 
metered.  The  policy  of  the  Commissioners  has  been  to  encourage- 
the  introduction  of  meters^  as  this  is  now  recognized  as  the  only  sure 
method  of  preventing  waste  of  water.  Although  the  number  of  con- 
sumers has  largely  increased  during  the  past  few  years,  the  amount, 
of  water  pumped  has  remained  about  the  same,  averaging  a little  less- 
than  half  a million  imperial  gallons  per  da}^  The  use  of  meters  has- 
been  objected  to  by  some  sanitarians  on  the  ground  that  sufficient 
water  would  not  be  used  to  properly  flush  the  plumbing  appliances,, 
but  this  has  been  guarded  against  by  flxing  a minimum  rate  to  meter- 
consumers  of  $8.00  per  annum,  thus  removing  the  temptation  to  be- 
too  economical  in  the  use  of  water.  Water  is  often  wasted  through 
defective  ball  cocks  in  closet  tanks  without  doing  any  good,  but  the 
meter  soon  puts  a stop  to  this.  Thus  our  limited  supply  of  water  is 
made  to  go  as  far  as  possible,  and  the  amount  of  sewage  to  be  treated 
at  the  sewage  farm  is  reduced  to  a minimum. 

In  1889  our  sister  Town  of  Waterloo  purchased  the  water-main& 
lying  in  their  municipality  from  the  Company,  and  installed  their 
own  pumping  plant  near  the  centre  of  the  town.  Three  seven-inch 
artesian  wells  were  put  down  about  a hundred  feet  in  depth,  and 
from  these  about  700,000  gallons  per  day  of  excellent  water  is  ob- 
tained. In  order  to  locate  their  water  tower  on  high  ground  about  a 
quarter  of  a mile  of  the  n^ain  pipe  in  Berlin  was  leased  at  a nominal 
rental,  and  the  tower  was  built  opposite  the  Hospital.  An  agreement 
was  entered  into  by  which  either  town  will  supply  water  to  the  other 
in  case  of  an  emergency  at  3^c.  per  thousand  gallons,  and  in  case  of 
fire  both  pumping  plants  can  be  operated  together.  So  far  the  valve 
between  the  two  towns  has  not  been  open  very  often;  but  once  in  a 
while,  in  dry  weather,  Berlin  draws  on  our  neighbor’s  supply. 

The  foregoing  will  give  an  idea  of  the  difficulties  encountered  in 
getting  a sufficient  supply  of  good  water  for  an  inland  town.  The 
Town  of  Berlin  has  now  a population  of  10,000,  and  is  growing 
steadily,  and  the  water  supply  will  have  to  be  increased  accordingly. 
Tor  a year  or  two  the  Waterloo  works  can  help  us  out,  especially  since 
a large  storage  well  is  just  being  added,  but  after  that  we  may  have 
to  go  to  the  Grand  river  and  install  a new  pumping  plant  with  the 
addition  of  filters.  However,  the  citizens  of  Berlin  are  well  pleased 
with  the  municipal  control  of  the  water  works,  and  there  is  no  rea- 
son to  doubt  but  that  the  system  will  be  extended  to  keep  pace  with 
the  lown  without  adding  a cent  to  the  general  taxation. 


A DIVERTING  DAM  IN  NIAGARA  RIVER. 


G.  H.  Mitchell,  B.A.  Sc.,  C.E.,  M.  Gan.  Soc.  C.E. 


During  the  autumn  of  1902  the  writer  had  charge  of  the  con- 
struction of  a temporary  timber  diverting  dam  constructed  in  the 
Niagara  river  above  the  Falls^  for  the  Ontario  Power  Company.  As 
the  work  in  many  of  its  features  was  unique  it  will  no  doubt  prove  of 
interest  to  the  members  of  the  Engineering  Society. 


As  is  shown  in  the  accompanying  plan  this  diverting  dam  was 
constructed  at  the  head  of  the  rapids  on  the  Canadian  side  of  the 
Niagara  river,  above  the  Falls,  and  at  the  point  above  the  Dufferin 
Islands,  at  the  upper  end  of  the  Park.  The  object  in  its  construc- 
tion was  to  lay  bare  that  portion  of  the  river  bed  immediately  below 
and  extending  around  the  Dufferin  Islands,  for  the  purpose  of  build- 
ing the  head  works  of  the  Ontario  Power  Company.  Owing  to  the 
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direction  of  the  river  currents  and  the  nature  of  the  rock  bed  and 
reefs  of  the  channel,  it  was  determined  that  a straight  dam  extending 
downwards  at  a slight  angle  with  the  current  would  have  the  de- 
sired effect. 

The  uncertain  features  about  this  work  were  many  and  required 
to  be  met  as  it  progressed.  For  instance,  no  one  could  tell  the  depth 
of  water  to  be  encountered  out  in  the  river,  although  several  attempts 
were  made  to  take  soundings  on  the  site  of  the  proposed  dam.  At 
most  the  engineers  and  contractors  had  to  guess  the  depth  of  the 
water  before  commencing  the  work.  It  was  unknown  also  how  high 
the  water  would  bank  up  in  front  of  the  dam  by  reason  of  deflecting 
its  course,  and  consequently  it  was  not  known  how  high  at  any  point 


the  finished  clam  would  require  to  be.  The  speed  of  the  current  had 
been  previously  determined  at  several  points  along  the  line  of  the 
proposed  clam,  and  was  found  to  vary  from  10  to  15  feet  per  second. 
It  was  also  known  that  the  rock  bottom  was  comparatively  smooth 
and  was  not  strewn  with  beds  of  boulders  or  rock  ledges  as  the  sur- 
face of  the  water  was  comparatively  smooth. 

The  problem  to  be  solved  was : — To  float  a series  of  timber  cribs 
down  the  river  to  the  proper  points  and  there  sink  and  load  them,  or 
so  secure  them  as  to  prevent  their  movement,  and  build  behind  them 
a water-tight  wall  of  clay  or  other  material,  and  so  effectually  divert 
the  water  from  the  space  below,  throwing  it  out  and  over  the  upper 
reef  of  the  rapids.  The  total  distance  froui  the  shore  to  the  reef. 


76 


A DIVERTING  DAM  IN  NIAGARA  RIVER. 


the  objective  point,  was  800  feet.  The  shore  of  the  river  along  the 
point  of  commencement  was  protected  a shore  crib  or  retaining 
wall  of  timber  and  stone. 

Work  was  commenced  on  this  structure  on  August  19th,  1902, 
and  was  continued  until  the  end  of  the  year.  The  first  crib  was  set 
August  20th,  and  the  last  one  October  21st. 

The  first  and  essential  part  of  the  plant  for  the  construction 
were  two  high  class  hoisting  engines.  One  of  these  was  rigged  to 


Launching  a Crib. 


the  main  derrick  upon  the  bank  immediately  above  the  commencing 
point  or  shore  connection  of  the  dam,  so  placed  as  to  handle  timber 
over  the  bank  and  down  to  the  skidway  on  which  the  cribs  were 
built.  The  other  engine  was  anchored  on  top  of  the  bank  in  a line 
with  the  main  face  of  the  dam  and  was  supplied  with  steam  from 
the  derrick  engine  boiler  alongside.  This  engine  was  used  for  oper- 
ating the  steel  cables  by  which  the  cribs  were  lowered  down  the  river. 
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and  required  to  be  very  strongs,  sensitive  and  capable  of  easy  oper- 
ation. The  general  idea  in  the  building  of  this  dam  was  to  con- 
struct timber  cribs  on  the  shore,  launch  and  float  them  down  to  the 
end  of  the  dam  already  in  place,  then  place  them  in  line,  and  load 
them  with  stone  so  that  they  would  firmly  anchor  on  the  rock  bed 
without  slipping.  The  individual  cribs  were  then  secured  to  each 
other  and  made  a part  of  the  whole  dam  by  a system  of  timber  ties 
framed  on  top  so  that  the  upper  part  of  the  clam  forms  a continuous 


Crib  Afloat  ; Launching  Skidway  in  Foreground. 


bonded  structure  of  cribbing.  This  done  the  back  side  of  the  cribs 
was  then  sheeted  with  planking,  and  a second  part  of  the  dam  con- 
sisting of  the  puddle  wall  constructed  so  as  to  make  the  dam  water- 
dight.  The  puddle  is  held  in  place  by  means  of  timber  frames  or 
bents  and  supports  for  a second  row  of  planking  or  sheeting. 

The  accompanying  plan  shows  the  details  of  construction  of 
the  dam,  in  elevation  and  section,  and  the  map  shows  tlie  general  loca- 
dion  of  the  dam  in  the  river,  together  with  the  temporary  plant. 
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The  timber  for  the  cribs  and  sheeting  was  brought  in  cars  over 
the  Electric  Eailway  and  unloaded  in  the  piling  yard  above  the  dam. 
The  stone  for  ballast  was  for  the  most  part  quarried  in  the  dry  bed 
of  the  river  below  the  dam,  and  brought  up  on  dump  cars  on  tracks  by 
horses.  The  clay  for  use  in  puddle  was  obtained  very  conveniently 
from  the  river  bank  above  the  electric  railway.  The  special  work  of 
constructing  and  placing  the  cribs  was  done  by  a foreman  and  gang 
of  nine  French-Canadian  river  men,  who  are  thoroughly  familiar  with 
such  work.  The  other  labor  work  was  mostly  done  by  Italians. 


Chib  Ready  to  Turn  End,  Looking  Down  Stream. 


The  most  interesting  and  critical  work  was  that  of  lowering  and 
placing  the  cribs,  a fair  idea  of  which  can  be  obtained  from  the  series 
of  photographs  accompanying  this.  In  a general  way  this  was  car- 
ried out  as  follows : — The  crib  was  built  of  a size  12  x 16  feet  clear, 
and  about  8 feet  high,  on  a skidway  along  the  shore,  having  a tilt- 
ing bottom.  When  constructed,  the  steel  lowering  cables  were  at- 
tached and  all  the  tackle  of  the  hoisting  engine  made  ready;  the 
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Crib  in  Place  ; Loading  with  Stone, 

anchored  to  a large  tree  on  the  bank  and  thence  clown  stream  along 
the  bank  to  the  engine  hoist.  The  inside  cable  was  carried  direct 
to  the  engine.  By  means  of  these  the  course  of  the  crib  down  stream 
was  steered  much  like  a sailboat  or  current  ferry,  the  inside  cable 
being  lowered  when  it  was  desired  to  move  the  crib  outstream,  and 
the  outer  cable  lowered  to  move  the  crib  instream.  By  this  means 
the  crib  was  gradually  lowered  along  the  outside  until  near  the  end 
of  the  clam  or  cribs  already  placed.  This  was  the  critical  time. 


fall  from  the  derrick  was  then  hooked  into  the  bottom  of  the  skid- 
way and  raised,  and  when  at  about  45  degrees  the  crib  slid  bodily 
into  the  water,  having  the  cables  attached.  Cables  were  then  paid 
out  until  the  swift  current  caught  the  crib  and  held  it  steady.  In 
this  position  with  its  face  broadside  to  the  current  the  crib  was  easily 
controlled  or  steered  by  means  of  the  tw^o  cables,  one  at  each  upper 
corner  (which  would  be  the  upper  and  lower  corners  when  the  crib 
was  in  place).  The  outside  (or  lower)  cable  was  carried  to  a block 
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It  is  necessary  that  the  ripper  and  inner  corner  of  the  crib  as  being 
lowered  shall  jnst  meet  and  rest  on  the  onter  and  lower  corner  of  the 
last  crib  placed,  and  when  all  is  ready,  turn  on  this  point  as  on  a 
hinge,  the  outer  cable  being  slacked  away.  The  crib  then  slowly 
swings  into  its  place  on  the  end  of  the  string  already  placed,  and  is 
held  firmly  by  the  cables.  After  being  adjusted,  if  required  by  jacks, 
the  loading  stone  or  ballast  is  thrown  into  the  crib,  on  the  ballast 
Toor,  thus  weighing  the  section  hard  on  the  rock.  In  this  way  the 


Putting  on  Crib  Sheeting  (Before  Puddle  Bents.) 


whole  of  the  49  cribs  were  successfully  placed  and  bonded  together. 
“Three  other  cribs  were  built  and  launched,  but  were  lost  by  accidents, 
one  going  over  the  Falls,  and  two  stranding  in  the  rapids. 

The  next  operation  was  the  sheeting  on  the  inside  of  the  cribs. 
This  was  matched  3 inch  plank,  and  was  driven  home  to  the  rock, 
spiked  on  the  crib  timbers  with  heavy  spikes.  Then  came  the  puddle 
wall  bents,  as  shown  in  the  drawing,  consisting  of  ties  to  the  main 
•cribs  and  foot  pieces  anchored  to  the  rock  bed  by  two  fox  bolts.  For 
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about  half  the  length  of  the  dam  these  foot  pieces  were  weighted  down 
by  rock  piled  on  a ballast  floor,  to  keep  the  foot  from  rising  due  to 
pressure  at  the  heel.  Inside  of  these  bents  waling  was  secured,  which 
in  turn  carried  the  puddle  sheeting,  thus  providing  a puddle  space 
about  4 to  5 feet  wide.  This  was  divided  into  sections  about  32 
feet  long  by  light  bulkheads,  and  each  section  was  in  turn  filled  with 
clay  puddle,  brought  on  the  dam  by  dump  cars.  This  ]mddle,  with  its 
sheeting,  was  carried  up  to  high  water  level. 


Inside  as  Completed,  Looking  Up  Stream. 

When  finished  there  were  practically  no  leaks  through  or  under 
the  dam,  although  at  several  points  considerable  water  boiled  up 
through  seams  in  the  rock,  coming  frbm  outside  in  that  way.  This 
water,  however,  was  very  easily  cared  for.  As  the  spring  has  opened 
up  and  the  puddle  consequently  settled,  small  leaks  have  inanifested 
themselves,  but  have  been  of  no  consequence  and  easily  repaired. 
There  has  not  been  the  slightest  trouble  with  the  dam  from  high 
water  or  ice  during  the  winter  months. 
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As  the  handmaid  of  America's  gigantic  steel  industry  the  manu 
facture  of  coke  has  in  recent  years  grown  to  mammoth  proportions. 
The  unlimited  supply  of  coal,  much  of  it  of  a very  superior  quality  for 
the  production  of  furnace  fuel,  is  one  of  the  foundation-stones  upon 
which  the  present  great  industrial  expansion  has  arisen.  For  the  last 
four  years  a somewhat  peculiar  condition  has  existed  in  the  various 
coking  centres,  namely,  a race  between  demand  and  supply  in  which 
the  former  has  kept  far  in  the  lead ; the  result  of  which  is,  the  price 
of  coke  has  long  soared  to  such  a height  that  methods  of  economy  are 
to  a great  extent  lost  sight  of. 

The  making  of  coke  consists  in  the  heating  of  bituminous  coal  to 
such  a temperature  that  practically  all  volatile  constituents  are  sepa- 
rated and  expelled  in  the  gaseous  form,  leaving  only  the  fixed  portion 
consisting  of  almost  pure  carbon.  This  carbon  during  the  process 
assumes  peculiar  physical  properties,  which  admirably  adapt  it  to  the 
conditions  of  a blast  furnace  fuel,  and  is  known  as  coke. 

On  the  volatile  constituents  of  the  coal,  which,  under  ordinary 
conditions,  are  allowed  to  waste,  efforts  have  been  directed  for  many 
years,  chiefly  on  the  continent  of  Europe,  for  their  recovery  and  sale 
as  marketable  productions.  It  is  these  methods  of  recovery,  known  as 
by-product  coking,  in  their  application  to  American  practice,  that  I 
have  chosen  for  the  subject  of  this  paper,  and  since  the  tendency  in 
this  class  of  coking  methods  has  been  to  economize  in  labor  as  well  as 
in  production,  I wish  to  use  the  term  in  its  present  wider  application 
of  economical  coking  rather  than  that  of  the  mere  saving  of  by- 
products. 

The  common  forms  in  which  the  volatile  constituents  of  coal  are 
recovered  are:  illuminating  gas,  coal  tar,  and  ammonia;  though  a vari- 
ety of  other  compounds  in  smaller  proportions  might  be  secured.  In 
these  forms  the  product  of  an  average  ton  of  coal  is  approximately 
1,500  lbs.  of  coke,  9,500  cubic  feet  of  gas,  100  lbs.  of  tar  and  5 lbs.  of 
ammonia. 


BY-PRODUCT  COKING  IN  AMERICA. 


83 


The  production  of  coke  in  the  United  States  during  1902  was 
23,968,939  tons,  of  which  an  estimated  1,143,227  tons  were  made  in 
by-product  ovens,  leaving  22,825,712  tons  from  which  no  by-products 
were  saved.  On  a basis  of  63  per  cent,  this  represents  36,231,289  tons 
of  coal.  We  find,  therefore,  that  there  were  wasted  in  the  manufac- 
ture of  this  coke  334,197,245,500  cubic  feet  of  gas,  an  amount  twice 
as  great  as  the  entire  natural  gas  production  of  the  United  States; 
1,811,564  tons  of  tar,  90,578  tons  of  pure  ammonia,  besides  4,347,745 
tons  of  coke.  These  figures,  although  somewhat  misleading,  for  rea- 
sons that  will  be  better  understood  later  on,  suggest  at  once  the  im- 
mense extent  of  the  field  for  the  introduction  of  the  by-product  oven. 

That  progress  has  not  been  made  in  extending  its  useTn  America 
is  due  to  the  peculiar  trade  conditions  already  mentioned,  which  have, 
for  the  present,  overshadowed  the  prime  object  of  its  origin. 

In  the  great  Connellsville  region  of  south-western  Pennsylvania, 
where  the  greater  portion  of  the  entire  coke  product  of  the  United 
States  is  made,  the  facilities  for  producing  coke  for  the  immense  steel 
industries  in  the  Pittsburg  district  have  not  at  any  time,  since  the 
present  expansion  began,  four  years  ago,  been  able  to  cope  with  the 
demand.  It  has  been  a question  of  how  to  increase  the  coke  produc- 
.tion  most  rapidly  in  order  to  secure  the  greatest  profits  from  the  ab- 
normal price;  and  as  the  percentage  profit  from  by-products  is  incon- 
siderate, compared  with  that  from  the  coke  alone  under  such  condi- 
tions, the  simple  and  quickly  erected  bee-hive  oven,  being  admirably 
adapted  to  meet  these  important  demands,  has  had  the  field  practically 
to  itself.  Great  banks  of  these  ovens  are  being  hurriedly  built  and 
put  into  operation.  This  state  of  affairs,  however,  being  out  of  pro- 
portion, cannot  last,  and  it  is  but  a matter  of  time  until  the  production 
overtakes  the  demand,  and  then  the  price  of  coke,  following  natural 
laws,  must  drop,  and  the  profit  once  more  become  a fraction  of  the  cost 
of  production.  Then,  as  in  Germany,  Belgium  and  Prance,  the  cradle 
of  by-product  coking,  attention  will  be  turned  to  economy  and  the 
saving  of  waste  products,  and  it  is  altogether  probable,  in  the  light  of 
America’s  well  known  habit  of  taking  first  place  in  all  industrial  en- 
terprises, that  before  many  years  the  by-product  oven  will  supplant 
the  greater  number  of  bee-hive  plants  recently  erected  in  the  Connells- 
ville region. 

Meanwhile,  however,  the  by-product  oven  in  this  country  has  by 
ro  means  languished.  Since  its  introduction  eleven  years  ago  a large 
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number  of  plants  have  been  erected;  and  these,  scattered  widely 
throughout  the  continent,  are  daily  proving  their  ability  to  cope  with 
the  most  varied  conditions,  and  will  no  doubt  form  the  nuclei  for  a 
general  introduction.  Some  of  the  more  important  types  are  under- 
going a radical  change,  to  suit  them  to  the  conditions  of  American  con- 
struction, while  labor-saving  appliances  are  being  added  wherever  pos- 
sible. This  transition  period  over,  it  may  no  doubt  be  possible  to  con- 
form with  the  ideas  of  a certain  firm  manufacturing  pipe  fittings,  who 
evidently  had  but  a vague  conception  of  a coke  oven,  and,  when  applied 
to  for  quotations  on  certain  accessories  to  an  oven  plant,  replied  giving 
the  desired  information,  and  adding  that  a considerable  reduction 
would  be  allowed  on  an  order  for  the  fittings  for  a gross  of  such  coke- 
oven  plants. 

The  by-product  coke  oven  originated  in  France  half  a century 
ago,  and  after  an  unimportant  experimental  career  of  thirty  years,  in 
which  various  types  were  developed  and  tried  in  that  country,  as  also 
in  Belgium  and  Germany,  it  suddenly  took  root  as  a commercial  en- 
terprise in  the  latter  country,  and  has  undergone  a remarkable  develop- 
ment ; the  poor  quality  of  coal  and  the  narrow  margins  of  profits  being 
incentives  for  its  general  adoption.  In  England,  owing  to  an  adverse 
but  mistaken  criticism  of  the  great  ironmaster.  Sir  Lowthian  Bell, 
made  many  years  ago  in  regard  to  the  quality  of  the  coke  produced, 
there  has  been  but  little  progress  made  in  by-product  coking;  while 
America  failed  to  recognize  any  advantages  over  the  antiquated  bee- 
hive system,  in  common  use,  until  a decade  ago.  Before  dealing 
further  with  the  subject,  however,  it  will  be  well  to  review  briefly  the 
coking  and  gas  industries,  from  a combination  of  which  the  by-product 
systems  have  been  evolved. 

History  has  preserved  for  our  information  records  of  but  few  of 
the  preliminary  investigations  and  experiments  which  resulted  in  the 
birth  of  these  two  most  useful  industries.  They  have  both  sprung 
from  the  efforts  of  the  English  ironmasters,  of  the  seventeenth  and 
eighteenth  centuries,  to  discover  a blast  furnace  fuel  to  take  th  e place 
of  charcoal,  the  scarcity  of  which,  owing  to  the  very  rapid  depletion 
of  the  forests,  had  so  badly  crippled  the  iron  industry  that  there  were 
fears  of  its  becoming  extinct  on  the  island. 

Bituminous  coal  was  tried,  but  without  success,  until,  in  1735, 
Darby,  of  Coalbrookdale,  in  Shropshire,  by  treating  it  to  a charring 
process  similar  to  that  used  in  the  manufacture  of  charcoal  from  wood, 
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produced  a fuel  giving  fairly  good  results.  For  a few  years  its  use 
was  looked  upon  with  more  or  less  disfavor,  but  by  1750  these  pre- 
judices having  been  dispelled,  coke  became  the  chief  furnace  fuel  ; 
and  England,  in  consequence,  experienced  that  remarkable  revival  in 
her  iron  production  which  has  since  proved  so  important  an  element 
in  her  greatness.  The  original  method  of  coking  was  patterned  after 
the  charcoal  process,  the  coal  being  formed  into  heaps  and  covered 
with  a thick  coating  of  earth  to  prevent  the  ingress  of  air.  Tlie  air 
necessary  for  supplying  the  required  combustion  entered  through 
small  openings  controlled  by  the  attendants.  This  crude  method 
known  as  coking  in  heaps,  is  still  used  in  some  districts,  and  was  even 
resorted  to  but  recently  in  the  Connellsville  region  in  the  desperate 
effort  to  meet  excessive  demand  where  the  existing  oven  capacity  was 
inadequate.  Improvements  in  the  methods  of  coking  took  the  form 
of  a permanent  brick  or  stone  covering  in  place  of  earth;  permitting 
a better  regulation  of  the  air  supply,  and  thus  preventing  an  unneces- 
sary waste  of  coal.  These  kilns,  or  ovens,  have  generally  assumed  a 
dome-like  form,  which  has  suggested  the  name  of  bee-hive.  With  the 
coking  industry  established  it  was  not  long  before  attention  was  drawn 
to  the  nature  of  the  flames  emitted  from  the  heaps  or  ovens  during 
coking.  In  1786  Lord  Dundonald  carried  on  some  experiments  at  his 
coking  ovens,  in  which  he  collected  the  unburned  gases  and  afterwards 
burned  them. 

These  experiments  do  not  mark  the  beginning  of  gas  lighting, 
however,  as  more  than  a century  before  Dr.  Clayton  had  observed  that 
a combustible  gas  was  evolved  in  the  decomposition  of  coal  by  heat, 
but  it  is  probable  that  they  led  to  Murdock^s  invaluable  investigations, 
which  resulted  in  the  establishement  of  the  gas  lighting  industry. 
Murdock,  the  ingenious  English  mechanic,  with  whose  early  attempts 
at  steam  locomotion  we  are  familiar,  had  had  his  attention  drawn  to 
the  inflammable  gases  given  off  from  coke  ovens,  and  his  practical 
brain  saw  in  them  a new  illuminant.  His  ingenuity  overcame  all  diffi- 
culties, and  he  finally  produced  a gas  plant  with  which  he  lighted  his 
dwelling.  In  1798  the  engine  shops  of  Bolton  and  Watt,  in  which 
Murdock  was  emplo3^ed,  were  lighted  ])y  a similar  plant,  and  shortly 
afterwards  gas  illuminating  of  the  streets  of  London  was  begun.  By 
1815  Paris  had  adopted  gas  ligliting.  and  from  this  date  on  its  use 
became  general. 

In  its  earlier  stages  the  gas  lighting  industry  parted  company  with 
that  of  coking,  and  altliougli  a quantitv  of  coke  was  regularly  produced 
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in  the  gas  retorts,  its  quality  rendered  it  useless  as  a furnace  fuel. 
Each  wasted  that  which  the  other  sought  to  produce,  and  for  half  a 
century  this  independent  waste  continued  unchallenged.  In  the  early 
development  of  gas  lighting  the  main  obstacles  lay  in  the  large 
amount  of  tarry  matter  driven  off  from  the  coal  by  the  heat  of  distil- 
lation, which,  condensing  in  their  passage  into  cooler  environments, 
quickly  choked  the  gas  pipes.  Other  objectionable  constituents  of  the 
evolved  gases  were  non-inflammable  gases,  such  as  carbonic  acid  gas 
and  nitrogen,  which  existed  as  a diluent,  and  those,  such  as  ammonia, 
cyanogen,  and  hydrogen  sulphide,  which  had  an  injurious  effect  on 
the  pipes  or  produced  injurious  or  poisonous  fumes  on  being  burned. 
The  discovery  of  methods  for  the  elimination  of  these  objectionable 
constituents  was  the  task  of  the  early  gas  engineer.  This  he  early 
succeeded  in  doing,  and  in  so  thorough  a manner  that  but  little  change 
has  been  made  over  his  methods  during  the  last  three-quarters  of  a 
century.  The  apparatus  thus  devised  consisted  of,  first,  a condensing 
and  washing  system  where  the  products  of  distillation  were  cooled 
down  to  normal  temperature  immediately  on  leaving  the  retort,  caus- 
ing all  the  heavier  hydrocarbons  to  condense  at  once  in  the  form  of 
tar,  and  where  the  remaining  gas  was  brought  into  intimate  contact 
with  cold  water,  which  absorbed  from  it  practically  all  the  ammonia 
compounds ; and,  second,  a purifying  system  where  by  chemical  means 
the  greater  portion  of  the  objectionable  gases  were  removed. 

The  tar  and  ammonia  removed  in  this  way  as  objectionable  and 
waste  matter  soon  proved  themselves  valuable  by-products;  chemists 
discovered  in  the  former  a source  of  an  innumerable  variety  of  useful 
liydrocarbon  compounds,  which  have  entered  into  the  economy  of 
manufacturing  industries,  while  the  latter  became  a cheap  base  for  the 
production  of  the  ammonia  compounds  of  commerce. 

Although  the  evolution  of  tar  and  ammonia  from  the  coking 
process  was  known  to  the  earliest  coke  makers,  the  foundation  of  our 
modern  by-product  coking  industry  was  laid  in  1856  by  Knab,  who 
in  that  year  built  a group  of  retort  ovens  in  France,  with  the  object 
of  producing  coke,  gas,  tar,  and  ammonia.  These  were  long  narrow- 
arched  chambers  of  refractory  brick,  23  feet  long,  6 feet  6|  inches 
high,  and  3 feet  inches  wide,  with  tunnels  beneath  the  floor  for  the 
application  of  the  heat  necessary  for  the  carbonization  of  the  coal. 

An  improvement  on  this  oven  was  made  in  1862  by  Simon  and 
Carves,  also  of  France,  by  the  addition  of  flues  in  the  side  walls,  thus 
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increasing  the  heating  surface  of  the  oven.  They  also  added  the 
condensing  and  purifying  apparatus  for  the  gas,  as  in  gas  works,  and 
provided  for  the  extraction  of  ammonia  and  tar. 

This  oven  with  certain  improvements  was  introduced  in  1881  into 
Germany  by  Huessner. 

In  the  meantime  the  retort  oven  without  by-product  appliances 
was  being  developed  in  Belgium.  This  was  due  to  its  adaptability  to 
labor-saving  appliances,  and  was  found  to  give  satisfactory  results  on 
the  poor  Belgian  coals.  This  type  of  oven,  built  in  groups  or  batteries 
with  long  narrow  coking  chambers,  discharged  its  gas  from  the  top  of 
the  oven  into  flues  passing  down  the  side  walls,  where,  meeting  with 
a supply  of  air  admitted  for  the  purpose,  combustion  took  place.  This 
provided  the  necessary  heat  for  the  coking  operation. 

A modification  of  this  oven,  known  from  its  originator  as  the 
Coppee,  is  one  of  the  most  popular  of  non-by-product  retort  ovens  to- 
day. In  the  earlier  Belgian  ovens  experiments  were  begun  with  me- 
chanical devices  for  the  eliminating  of  labor,  resulting  in  a mechani- 
cal pusher  or  ram,  which,  passing  through  the  arched  oven  chamber, 
drew  or  forced  the  finished  charge  of  coke  from  the  oven.  Besides 
the  saving  of  labor,  this  operation  decreased  the  time  of  discharging, 
so  that  the  oven  could  be  recharged  with  but  little  loss  of  heat  to  the 
side  walls.  This  mechanical  method  of  pushing  or  discharging  is  now 
used  in  all  retort  ovens. 

In  1881  an  improvement  on  the  Simon-Carves  oven  was  brought 
out  in  France  by  Seil)el.  This  oven,  l)y  the  use  of  horizontal  flues,  was 
able  to  maintain  a much  higher  temperature. 

About  this  time  attention  was  directed  to  the  production  of  a bet- 
ter class  of  coke  in  retort  ovens,  and  efforts  were  made  to  overcome 
their  inherent  defects.  It  was  found  that  the  size  and  shape  of  the 
oven  had  an  important  effect  on  the  quality  of  the  coke  product.  A 
gradual  narrowing  down  of  the  oven  chamber  resulted,  until  a width 
of  from  sixteen  to  eighteen  inches  has  been  fixed  as  the  most  satisfac- 
tory. With  an  oven  of  this  width  results  closely  approximating  tliat 
of  the  bee-hive  oven  with  the  best  coals  have  been  obtained. 

In  1881  Dr.  Otto  & Co.  evolved  a new  type  of  oven  in  Germany. 
Tliis  oven  had  vertical  flues  arranged  to  give  a better  distribution  of 
the  heat  from  the  burning  gases,  and  two  years  later  was  further  im- 
proved by  Gustave  Hoffmann  by  the  addition  of  the  Siemens  regenera- 
tor. In  this  form,  known  as  the  Otto-Hotfmann  oven,  it  has  met  with 
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marked  success  in  Germany;  and  in  America^  with  certain  inodihca- 
tions,  it  has  outstripped  all  other  types  of  retort  or  by-product  ovens 
in  the  extent  of  its  application. 

The  Seinet-Solvay  oven  was  introduced  in  1882  by  the  firm  of 
Solvay  & Company  of  Brussels.  It  is  a retort  oven  with  b3'-produL.t 
appliancces^  and  the  primary  aim  of  its  originators  was  simplicity  of 
construction.  It  involved  the  use  of  special  shaped  tiles  and  fire  brick 
in  an  effort  to  secure  thinness  of  conducting  walls  between  the  flues 
and  coking  chambers.  It  lacks  the  regenerator  of  the  Otto-Hoffmann 
system^  but  this  loss  is  partly  made  up  by  the  employment  of  a con- 
tinuous recuperative  process.  This  oven  is  also  meeting  with  great 
success  in  Europe^  while  in  America  it  is  the  only  important  comp  ti- 
tor  of  the  Otto-Hoffmann. 

Reviewing  briefly  the  growth  of  the  by-product  coking  industry, 
we  find  that  it  had  its  inception  in  the  coke  and  gas  works  in  Eng- 
land, it  took  form  and  passed  thirty  years  of  an  experimental  career 
in  France  without  attaining  any  degree  of  commercial  importance.  A 
more  complete  development  of  the  plain  retort  oven  took  place  during 
the  same  period  in  Belgium.  It  was  not  until  twenty  years  ago,  how- 
ever, that  the  Germans,  improving  on  the  French  types,  brought  the 
by-product  oven  into  general  use.  The  English  and  Americans  have 
lagged  ten  years  behind,  owing,  perhaps,  to  their  better  class  of  coals 
and  to  an  absence  of  that  spirit  of  frugality  characteristic  of  the  Ger- 
mans. During  the  last  decade  the  by-product  coke  oven  has  found 
its  way  into  the  majority  of  industrial  countries. 

The  first  by-product  ovens  erected  in  America  were  a small  group 
of  twelve  ovens  of  the  Semet-Solvay  type,  built  by  the  Solvay  Process 
Company  at  Syracuse,  H.Y.,  in  1891,  with  the  object  of  obtaining  coke 
and  ammonia  for  their  soda  manufactory  at  that  place.  In  these  ovens 
were  tested  samples  of  coal  from  the  various  mines  throughout  the 
United  States  and  Canada,  and  the  results  proved  very  satisfactory 
indeed.  This  plant  has  since  been  increased  to  40  ovens. 

In  1895  the  second  coke  oven  plant  of  the  Solvay  type  was  con- 
structed for  the  Dunbar  Furnace  Company  at  Dunbar,  Pa.  This 
plant  of  50  ovens  was  built  in  the  heart  of  the  Connellsville  coke 
region,  and  commenced  operations  in  the  autumn  of  1895. 

It  was  at  the  Cambria  Iron  Works  at  Johnstown,  Pa.,  that  the 
Otto-Hoffmann  oven  began  its  career  in  this  country.  Situated  on  the 
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western  slope  of  the  Alleghanies,  and  operating  a very  extensive  fur- 
nace plant  from  the  inferior  coals  of  that  district;,  the  Cambria  Iron 
•Company  was  unable  to  produce  a satisfactory  coke  in  the  ordinary 
bee-hive  oven^  and  was  in  consequence  forced  to  investigate  other 
methods  of  coking.  The  Belgian  oven  was,  many  years  ago,  tried  on 
an  extensive  scale  with  favorable  results,  and  in  the  course  of  time  this 
was  supplanted  by  the  more  improved  Coppee  type.  Shortly  after  the 
c-rection  of  the  Semet-Solvay  plant  at  Syracuse,  representatives  df  the 
Cambria  Company,  who  had  been  sent  to  Europe  to  investigate  the 
various  methods  of  coking  in  use  there,  reported  in  favor  of  the  by- 
product system.  A contract  was  in  consequence  awarded  to  the  United 
Coke  and  Gas  Company,  controlling  the  American  patents  of  the  Otto- 
Hoffmann  oven  for  the  erection  of  60  ovens  at  Johnstown.  This  plant 
was  provided  with  by-product  appliances,  and  commenced  operation 
in  the  spring  of  1896. 

These  two  plants  built  by  the  two  rival  American  companies  ex- 
ploiting the  by-product  systems  were  the  pioneers  in  supplanting  the 
bee-hive  oven  in  the  manufacture  of  furnace  coke;  and  that  their 
work  has  proved  satisfactory  is  shown  by  the  additions  that  have  from 
time  to  time  been  made  on  them.  The  Semet-Solvay  plant  has  since 
been  more  than  doubled,  and  now  consists  of  110  ovens.  The  Otto- 
Hoffmann  plant  at  Johnstown  was,  in  1898,  increased  to  120  ovens, 
and  there  are  under  construction  at  the  present  time  100  more,  with 
provision  for  300  additional  ovens  in  the  near  future. 

Since  the  construction  of  these  two  plants  the  progress  of  the 
by-product  oven  has  been  steady,  although  by  no  means  rapid.  Fol- 
lowing closely  on  the  completion  of  the  Dunbar  plant  the  Semet-Solvay 
Company  erected  for  the  Sharon  Steel  Company,  at  Sharon,  Pa.,  a 
plant  of  25  ovens  for  the  manufacture  of  metallurgical  coke.  Two 
years  later,  in  1897,  a plant  of  60  Semet-Solvay  ovens  was  built  for 
the  Riverside  Iron  Works  at  Wheeling,  W.V.,  later  being  increased 
to  120  ovens. 

During  same  year  1 20  of  these  ovens  wmre  built  for  the  Tennes- 
see Coal,  Iron  and  Railroad  Company  for  the  production  of  blast  fur- 
nace coke ; this  plant,  located  at  Ensley,  Ala.,  has  since  been  doubled. 
In  1898  a ten-oven  Semet-Solvay  plant  was  built  to  supply  the 
city  of  Halifax,  N.S.,  with  heating  and  illuminating  gas,  the  coke 
finding  a market  for  domestic  consumption.  Last  year  a plant  of  120 
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ovens  was  put  into  rnn  at  the  Solvay  Process  Company’s  works  at  De- 
troit^ Mich.,  the  object  being  similar  to  that  of  the  Syracuse  plant. 

The  Semet-Solvay  Company  have  at  present  under  construction 
four  small  plants;  one  of  80  ovens  at  Milwaukee,  Wisconsin,  another 
of  40  ovens  at  Chester,  Pa.,  and  a fourth  of  90  ovens  at  Labanon,  Pa. 

The  Otto-Hoffmann  system  under  the  control  of  the  United  Coke 
and  Gas  Company,  has  met  with  an  even  greater  measure  of  success, 
the  difference  being  in  the  relative  size  of  the  plants  rather  than  in 
their  number.  The  second  Otto-Hoffmann  plant  was  erected  at  Glass- 
port,  Pa.,  in  1897,  for  the  Pittsburg  Gas  and  Coke  Company,  for  the 
production  of  furnace  and  domestic  coke,  the  gas  being  used  as  fuel. 
In  1898  the  400-oven  plant  of  the  New  England  Gas  and  Coke  Com- 
pany at  Everett,  Mass.,  went  into  run.  This  plant,  at  that  time  the 
largest  and  most  complete  on  the  continent,  was  a financial  undertak- 
ing with  an  object  quite  the  reverse  of  that  usually  underlying  other 
plants.  In  fact,  it  stands  to-day  as  the  only  instance,  on  this  side  of 
the  Atlantic  at  least,  where  the  by-product  coke  oven  has  been  ex- 
ploited on  its  merits  as  an  independent  commercial  enterprise.  All 
other  plants  have  been  constructed  as  subordinate  to  some  more  im- 
portant industry  to  which  one  or  more  of  the  coke  oven  products  are 
essential,  the  remaining  residuals  constituting  the  by-products.  In 
the  Everett  plant  there  are  no  by-products,  strictly  speaking,  as  no 
particular  product  is  especially  desired ; the  entire  output  of  the  plant 
being  sold  in  the  best  available  markets.  The  coke  finds  a sale  as 
smokeless  locomotive  fuel,  as  well  as  for  domestic  and  factory  purposes. 
The  gas  is  sold  for  illuminating  purposes  in  the  vicinity  of  Boston,  the 
tar  and  ammonia  are  disposed  of  to  chemical  manufacturers  and 
other  allied  industries.  In  view  of  the  unique  features  of  this  plant  I 
shall  make  it  a subject  for  special  description  at  a later  period. 

The  next  plant  erected  was  at  Sydney,  N.S.,  for  the  Dominion 
Iron  and  Steel  Company,  and  in  size  and  arrangement  is  a duplicate 
of  that  at  Everett,  although  much  less  complete.  The  coke,  gas,  and 
tar  are  all  used  for  fuel;  the  two  latter  in  the  open  hearth  furnaces. 
Like  the  Everett  plant  it  operates  on  Cape  Breton  coal ; this  plant  was 
put  into  use  early  in  1901. 

Some  months  ago  an  additional  50  ovens  of  the  non-by-product 
type  were  added  to  the  plant,  and  more  recently  a contract  has  been 
awarded  to  the  United  Coke  and  Gas  Company  for  200  ovens  of  a 
special  type,  to  be  operated  at  present  without  recovery  of  by-products ; 
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but  to  be  converted  later,  if  desired,  to  the  underfired  type  of  by- 
product recovery  oven.  The  principal  product  desired  at  this  plant 
is  metallurgical  coke,  but  if  market  facilities  make  it  desirable,  the 
by-products  may  be  obtained  by  slight  changes  in  the  ovens,  as  pro- 
vided for  in  the  present  design. 

In  1901  a plant  of  50  Otto-Hoffmann  ovens  was  erected  for  the 
Hamilton  Otto  Coke  Company  at  Hamilton,  Ohio,  for  the  production 
of  illuminating  gas,  the  coke  product  being  sold  for  local  domestic 
and  foundry  purposes. 

Early  in  1902  a small  plant  of  15  ovens  of  the  new  Schniewind 
type  went  into  run  at  Wyandotte,  Mich.,  for  the  Michigan  Alkali 
Compan}^  This  plant  has  served  as  a test  for  the  various  radical  im- 
provements introduced  by  the  United  Coke  and  Oas  Company  about 
this  period.  The  last  Otto-Hoffmann  plant  to  go  into  operation  is 
that  of  the  South  Jersey  Gas,  Electric  and  Traction  Company  at  Cam- 
den, H.J.,  consisting  of  100  ovens  of  the  Otto-Hoffmann  type. 

The  Camden  plant,  although  comparatively  small,  has  several  im- 
portant features  worthy  of  special  consideration.  It  is  intended  to 
supply  illuminating  gas  to  a number  of  cities  in  southern  New  Jersey, 
principally  Camden  and  Trenton,  and  is  being  consequently  provided 
with  an  extensive  enriching  system  which  will  provide  a uniform 
candle  power.  The  base  of  this  system  is  the  abstraction  of  the  benzol 
and  other  light  hydrocarbons  from  the  poor  or  fuel  gas  and  adding 
them,  when  necessar^q  to  the  remainder  of  the  gas  product  intended 
for  illuminating  purposes.  This  is  done  through  the  medium  ol  a 
light  oil  which  has  a strong  affinity  for  benzol  and  its  homologues  at 
low  temperatures,  but  parts  with  them  when  heated.  The  cool  oil  is 
sprayed  into  chambers  through  which  the  poor  gas  is  forced  to  flow, 
and  coming  into  close  contact  with  the  gas  and  its  contents  of  benzol, 
through  the  peculiar  construction  of  the  interior  of  the  chamber  or 
washer,  the  benzol  is  absorbed  by  the  oil.  The  oil  then  passes  to  a still 
where  it  is  highly  heated,  while  a portion  of  the  rich  gas  is  brought 
in  contact  with  it.  This  gas  in  turn  absorbs  the  benzol,  and  leaving 
the  still  charged  heavily  with  vapors  of  the  latter,  is  passed  into  the 
main  stream  of  rich  gas  in  a proportion  sufficient  to  raise  the  latter 
to  the  necessary  candle  power.  To  reduce  the  cost  of  an  otherwise 
expensive  pipe  line  a compressor  is  to  be  used,  and  the  gas  compressed 
to  two  atmospheres,  forcing  it  through  a 12-inch  pipe  line  as  far  as 
Trenton,  a distance  of  30  miles,  the  gas  then  being  reduced  to  normal 
pressure  on  entry  into  the  distributing  pipe  system. 
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There  are  a large  number  of  Otto-Hoffmann  plants  under  con- 
tract and  in  course  of  erection.  One  of  200  Schniewind  ovens  for  the 
Maryland  Steel  Company  at  Sparrow^s  Point,  Maryland,  is  nearing 
completion.  In  this,  as  in  all  of  the  uncompleted  plants,  the  coke  and 
gas  is  desired  for  metallurgical  purposes.  One  of  212  Schniewind 
ovens,  for  the  Sharon  Steel  Company  at  Sharon,  Pa.,  is  also  nearly 
ready  to  begin  operations.  Two  plants,  one  of  232  ovens  of  the  Otto- 
Hoffmann  type  at  Lebanon,  Pa.,  and  one  of  561  Schniewind  ovens  at 
Buffalo,  are  in  course  of  erection  for  the  Lackawanna  Steel  Company. 
An  addition  to  the  Cambria  Steel  Companj^^s  plant  at  Johnstown,  Pa., 
of  100  ovens,  is  in  progress,  while  it  is  intended  in  the  near  future  to 
increase  the  plant  by  300. 


Besides  these  two  main  types  there  have  been  erected  at  various 
places  throughout  the  United  States  and  Canada  a number  of  by- 
product and  retort  oven  plants  of  American  and  English  design,  but 
as  yet  none  seem  to  have  got  beyond  the  experimental  stage.  Of 
these  the  Hewt on- Chambers  is  perhaps  the  most  prominent. 

It  will  be  noticed  from  the  foregoing  that  the  development  of 
by-product  coking  in  America  has  been  confined  mainly  to  two  of  the 
more  important  European  types  of  oven,  the  Semet-Solvay  and  the 
Otto-Hofimann. 

The  Semet-Solvay  system  has  a number  of  advantages  over  its 
rival,  such  as  cheapness  of  construction,  simplicity  in  operation  and 
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rapidity  of  coking ; but  for  general  efficiency  on  large  scale  operations 
the  Otto-Hoifmann  seems  to  have  met  with  the  greater  success,  judg- 
ing from  its  extensive  adoption  in  recent  years. 

The  Semet-Solvay  ovens  are  usually  built  in  batteries  of  thirty. 
Figs.  1 and  2 show  the  method  of  construction.  The  ovens  are  heated 
by  four  horizontal  flues  in  each  side  of  the  chamber.  These  flues  are 
heated  by  the  combustion  of  gas  admitted  at  the  ends.  The  air  for 
this  combustion  is  previously  passed  through  the  supporting  arches 
beneath  the  battery,  where  its  temperature  is  gradually  raised  by  the 
waste  heat  from  the  ovens  above;  this  arrangement  is  known  as  a 
recuperator  and  its  operation  has  the  advantage  of  being  continuous, 
although  the  rise  in  temperature  of  the  air  resulting  from  its  use  is 
much  below  that  produced  in  the  Siemens  regenerator. 

The  products  of  combustion  pass  back  and  forth  from  end  to  end 
of  the  oven,  dropping  to  the  next  lower  flue  as  each  end  is  reached, 
and  then  enter  a central  flue  beneath  the  oven  floor ; this  flue  collects 
both  streams  of  gases  from  the  side  wall  flues  and  carries  them  along 
under  the  full  length  of  the  oven,  finally  delivering  them  to  the 
main  stack  flue.'  The  chief  advantage  in  this  arrangement  of  flues 
]s  the  excellent  control  of  the  temperature  of  the  oven,  made  possible 
by  the  regulation  of  the  fuel  gas  entering  each  flue  from  the  end. 
This  temperature  ranges  from  900  degrees  centigrade  at  the  top  to 
1,100  degrees  at  the ‘bottom,  the  middle  flues  reaching  1,200  degrees. 
The  Semet-Solvay  arrangement  also  permits  of  easy  and  thorough 
inspection.  The  flues  themselves  are  of  refractory  tiles  of  special 
shapes,  and,  as  the  view  indicates,  are  independent  of  the  main  brick- 
work of  the  battery;  this  allows  of  free  expansion  and  contraction, 
which  is  excessive  where  wet  coal  is  charged,  and  thus  prevents 
strains  and  rapid  cracking  of  the  brickwork.  The  tile  flues  are  easily 
replaced  without  injury  to  other  portions  of  the  battery. 

The  oven  chambers  are  30  feet  long,  7 feet  6 inches  in  height 
and  from  16  to  20  inches  wide.  The  ends  of  the  retort  are  closed  with 
brick-lined  cast  iron  doors,  which  are  made  gas  tight  at  their  junc- 
tion with  the  oven  by  a luting  of  clay.  The  operation  of  luting  the 
doors  is  necessary  every  time  they  are  closed  after  pushing  the  charge. 

J ust  above  the  smoke  flue  at  the  end  of  the  oven  is  shown  the  fuel 
gas  main  which  makes  connection  with  the  different  burner  pipes  in 
the  horizontal  flues.  In  the  top  part  of  the  structure  are  shown  the 
three  charging  holes  through  which  the  charge  is  dropped  into  the 
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oven  from  a lorry  running  on  rails  along  the  top  of  the  oven;  as  the 
coal  charged  in  this  way  forms  into  heaps  it  is  necessary  to  level  these 
down  by  means  of  a long  bar  passed  in  through  an  opening  in  the  door. 
A fourth  opening  in  the  top  of  the  oven  to  the  left  of  the  charging  holes 
allows  for  the  passage  of  the  gas  to  a large  collecting  main  running 
the  length  of  the  battery  and  making  connection  through  this  open- 
ing with  each  oven;  a suitable  valve  being  placed  in  each  connection 
in  order  to  cut  out  the  oven  during  the  charging.  Small  cover  plates 
or  hoods  are  placed  over  the  charging  openings  during  the  coking 
operation  to  prevent  leakage  of  gas. 

The  ovens  are  discharged  by  means  of  a pusher  or  ram  operated 
by  electricity,  and  the  charge  falls  into  an  inclined  platform  moving 
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Fig.  2,— Transverse  Section  of  Semet-Solvay  Oven,  Referred  to  Longitudinal 

Section  Above. 

on  rails  on  the  opposite  side  of  the  battery,  where  it  is  quenched  and 
finally  allowed  to  slide  by  gravity  into  railway  cars.  The  ovens  are 
usually  provided  with  an  automatic  door  hoisting  apparatus. 

With  good  coal  the  coking  time  ranges  from  18  to  24  hours. 
The  condensing  and  purifying  apparatus  for  the  gas  is  similar  to 
that  of  all  gas  plants,  and  need  not  be  described  here  as  the  general 
method  will  be  outlined  later  in  a description  of  an  Otto-Hofimann 
plant. 

The  Semet-Solvay  Company  own  and  operate  all  their  plants,  sell- 
ing the  coke  and  gas  to  the  various  furnace  companies  for  whom  they 
were  built  to  serve. 
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The  modern  type  of  Otto-Hoffmann  oven  as  built  in  America  is 
shown  in  the  two  sectional  views^  Figs.  3 and  4. 

It  retains  the  general  features  of  the  old  Otto-Hoffmann  oven, 
but  differs  radically  in  the  method  of  support,  and  in  the  manner 
of  feeding  the  fuel  gas  to  the  combustion  chambers.  The  substitu- 
tion of  structural  steel  for  concrete  in  the  substructure  of  the  battery 
is  one  of  the  many  improvements  made  by  the  United  Coke  and  Gas 
Company  during  the  last  two  years.  This  method  of  construction  was 
originated  by  Dr.  F.  Schniewind,  and  by  its  use  are  eliminated  a num- 


Fig.  3.— Cross  Section  Through  Flues.  Cross  Section  Through  Oven. 


her  of  serious  defects  characteristic  of  the  older  ovens.  The  chief  ad- 
vantage lies  in  permitting  a complete  regulation  of  the  fuel  gas  to  the 
various  sections  of  the  flue  system,  by  means  of  which  the  coking 
process  may  be  rendered  perfectly  uniform  throughout  the  oven  cham- 
ber. It  also  allows  a more  thorough  inspection  of  the  oven  brick- 
work, as  well  as  that  of  the  regenerator.  The  effects  of  expansion 
and  contraction,  due  to  the  constant  change  of  temperature  in  the 
reg;enerator,  are  rendered  less  destructive  to  the  battery  structure. 
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The  ovens,  as  in  all  retort  types,  are  grouped  together  in  batter- 
ies. The  number  so  grouped  depends  upon  the  nature  and  capacity 
of  the  plant.  In  the  earlier  plants  of  this  company  50  ovens  were 
included  in  each  battery,  but  at  present  the  number  is  increased  or 
diminished  to  suit  each  particular  case. 

Coincident  with  the  changes  just  mentioned  there  has  been  a 
lengthening  of  the  oven  chamber  of  over  ten  feet,  providing  an  in- 
crease of  one-third  of  the  coking  capacity  with  but  small  additional 
cost  for  construction,  while  the  efficiency  of  the  oven  is  materially 
raised. 

The  coking  chamber  is  43  feet  6 inches  long,  17  inches  wide,  and 
6 feet  6 inches  high.  Fig.  4 shows  a longitudinal  view  of  a portion 
of  a battery  of  this  type  of  oven.  In  the  elevation  are  shown  the  ends 
of  the  oven  chambers  with  the  removable  doors  in  position.  The  sec- 
tional view  clearly  indicates  the  internal  arrangement  of  the  ovens,  the 
heating  flues,  and  also  the  regenerators.  The  two  arched  regenera- 
tors placed  centrally  beneath  the  battery,  and  running  its  entire 
length,  perform  the  function  of  heating  the  air  supply  of  the  com- 
bustion chambers. 

The  retorts  or  coking  chambers,  1,  are  separated  by  hollow  fire- 
brick walls  through  which  the  combustion  gases  pass.  These  are 
divided  by  vertical  partitions  into  ten  compartments,  2,  each  of  which 
contains  four  vertical  flues,  3.  Directly  under  each  retort,  and  com- 
municating with  the  regenerators,  7 ; through  the  fire-brick  pipe,  8,  is 
an  air  chamber  or  flue,  4,  which  connects  through  the  openings,  6, 
Avith  the  combustion  chambers,  5,  on  either  side.  These  combustion 
chambers,  ten  in  number,  are  formed  at  the  bottom  of  each  flue  com- 
partment between  the  retorts.  In  the  floor  of  each  is  a circular 
opening  for  the  gas  burner,  which  is  connected  by  piping  to  the  fuel 
gas  main.  The  air  and  combustion  chambers  are  divided  by  a par- 
tition in  the  centre  of  the  oven,  but  alloAving  communication  between 
the  two  portions  above  the  vertical  flues.  The  action  of  this  system 
is  as  follows: 

Heated  air  from  the  regenerators,  forced  by  a fan  or  blower, 
passed  upward  through  the  pipe,  8,  into  the  air  chamber,  4,  on  the 
right-hand  side  of  the  battery ; thence  it  passes  through  the  openings, 
6,  into  the  combustion  chambers,  5,  on  either  side;  in  each  of  these 
it  meets  a stream  of  gas  from  the  burner  pipe  and  combustion  takes 
place.  The  intensely  heated  products  of  combustion  rise  through  the 
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vertical  flues,  and  pass  along  the  top  flue,  9,  to  the  left-hand  side  of  the 
battery,  where  they  distribute  themselves  and  pass  down  the  various 
flues  on  that  side  to  the  combustion  chamber  beneath ; then  they  flow 
through  the  openings,  6^  to  the  air  chambers,  4,  and  down  the  pipe,  8, 
to  the  left-hand  regenerator.  Here  they  give  up  much  of  their  re- 
maining heat  to  the  firebrick  checkerwork,  to  be  taken  up  by  the  cold 


Fig.  4.-  liONGiTUDiNAL  Section.  Elevation. 


air  on  reversal.  After  passing  through  the  regenerator  they  flow 
to  the  stack.  By  means  of  valves  in  air  and  fuel  gas  mains  the  opera- 
tion of  combustion  is  altered  from  one  side  of  the  oven  to  the  other, 
and  the  direction  of  the  air  and  products  of  combustion  reversed; 
this  being  a necessary  feature  of  the  Siemens  regenerator.  The  air 
is  heated  to  a temperature  of  1,800°  F.  before  it  reaches  the  combus- 
tion chambers,  resulting  in  the  production  of  very  high  temperatures 
^vithin  the  coking  chambers  and  effecting  a great  saving  of  fuel  gas. 

7 
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Keversals  of  the  combustion  system  are  made  about  every  30 
minutes.  In  some  of  the  more  recent  plants  the  horizontal  regenera- 
tor has  been  replaced  by  the  ordinary  blast  furnace  stove. 

As  in  the  Semet-Solvay  oven,  the  charge  is  dropped  into  the  oven 
through  openings  in  the  top;  the  number  of  these  openings  in  each 
of  the  new  type  of  oven  is  eight.  The  two  openings  at  either  hand, 
serving  also  as  the  gas  outlets,  connect  with  the  two  collecting  mains 
through  a goose-neck  connection  in  which  is  a cut-out  valve.  Two 
collecting  mains  are  employed  only  where  the  gas  is  used  for  illumi- 
nating purposes;  the  object  being  to  separate  for  fuel  purposes  the 
later  gaseous  product  of  the  charge,  which  is  low  in  illuminating 
power,  from  the  earlier  portion ; this  is  done  by  the  valves  in  the  con- 
nections from  the  ovens  to  the  mains. 

The  ovens  are  charged  in  the  usual  way  by  a larry  shown  in  Fig. 
6,  which  receives  its  load  from  the  bunker  between  the  batteries.  Fuel 
gas  is  supplied  to  the  burners  through  two  mains  running  beneath 
the  battery  and  supported  by  the  steel  structure.  A pusher,*  22,  dis- 
charges the  coke  into  a loader,  20,  on  the  opposite  side  of  the  battery, 
where  it  is  quenched  and  afterwards  dumped  into  cars.  This  open  air 
quenching  is  perhaps  the  only  condemning  feature  in  the  retort  system, 
as  it  results  in  an  excess  of  moisture  in  the  coke,  which  is  far  from 
desirable.  It  also  destroys  to  a considerable  extent  the  silvery  ap- 
pearance characteristic  of  good  bee-hive  coke  where  the  quenching  is 
performed  within  the  oven.  Lately  the  United  Coke  and  Gas  Com- 
pany have  been  making  efforts  to  overcome  these  evils  of  quenching 
the  charge  outside  of  the  oven,  and  have  developed  an  apparatus  which 
is  to  be  used  at  some  of  the  later  plants. 

Electric  door  hoists  are  employed  on  a new  type  of  self-sealing 
door  which  has  been  introduced,  which  dispenses  with  the  laborious, 
and,  to  say  the  least,  crude  method  of  clay  luting,  as  heretofore  em- 
ployed, reducing  materially  the  cost  of  labor  in  operation. 

A stack  is  usually  provided  for  each  pair  of  batteries,  while  a 
fan  is  used  to  force  the  necessary  air  into  the  regenerator,  and  the 
regulation  is  such  that  the  pressure  of  the  heated  air  at  the  period 
of  its  passage  around  the  oven  walls  on  combustion  is  as  nearly  atmos- 
pheric conditions  as  possible.  This  is  to  prevent  any  tendency  of  the 
air  to  enter  the  oven,  the  interior  of  which  is  also  maintained  at  nor- 
mal pressure,  through  possible  cracks  in  the  brickwork,  thus  avoiding 
the  possibility  of  explosions  or  unnecessary  burning  of  the  gas  or  coke 
within  the  oven  chamber. 
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I shall  now  briefly  outline  the  arrangement  and  operation  of  a 
plant  of  100  by-prodnct  ovens  equipped  for  the  prodnction  of  illumin- 
ating gas  of  uniformly  high  candle  power,  as  designed  by  the  United 
Coke  and  Gas  Company,  a plan  of  which  is  shown  in  Fig  5.  The 
ovens,  which  are  of  the  Schniewind  type  of  Otto-Hoffmann  ovens,  are 
arranged  in  two  batteries  of  50  ovens  each.  Between  the  two  batter- 


ies is  a coal  bin  of  sufficient  capacity  to  hold  a two-days'  supply  for 
the  plant.  This  bin  is  fed  by  an  inclined  conveyor  or  elevator  from 
a track  pit  into  which  the  cars  of  slack  coal  from  the  mines  are 
dumped,  which  arrangement  is  clearly  shown  in  the  sectional  view. 
Fig.  6.  Under  the  bin  are  a number  of  spouts,  by  means  of  which  the 
charging  larry  passing  underneath  is  uniformly  filled.  The  charging 
larry  is  also  provided  with  spouts,  eight  in  number,  so  spaced  that 
each,  as  the  larry  travels  along  the  top  of  the  battery,  comes  directly 
over  a corresponding  charging  hole  in  the  top  of  the  oven.  The  track 
upon  which  the  larry  runs  is  continuous  along  the  battery  tops  and 
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under  the  bin.  When  an  oven  in  either  battery  is  to  be  charged  the 
larry  is  run  under  the  bin,  where  it  receives  its  load  of  coal.  It  is 
then  run  over  the  battery  until  the  oven  to  be  charged  is  reached,  the 
covers  of  which  have  been  previously  removed.  The  charge  is 
dropped  through  the  spouts  into  the  ovens,  where  it  is  levelled  down 
by  means  of  a long  rod  inserted  through  an  opening  in  the  oven  door. 
As  soon  as  tlie  charge  in  the  larry  is  moved  away,  the  covers  are 
placed  over  the  charging  holes,  the  gas  valve,  28,  leading  to  the  rich 
gas  main,  26,  is  opened,  and  the  coking  process  begins. 

In  a plant  of  this  size  making  24-hour  coke  the  operation  of 
pushing  and  charging  takes  place  at  different  points  along  the  batteries 
ai  intervals  of  15  minutes.  To  preserve  as  uniform  conditions  as 
possible,  with  regard  to  the  distribution  of  the  heat  within  the  battery, 
a regular  system  of  rotation  in  pushing  the  ovens  is  followed,  such 
that  each  pair  of  contiguous  ovens  is  twelve  hours  apart.  The  gas 
is  allowed  to  flow  into  the  rich  gas  main  for  a period  governed  by  the 
amount  of  poor  gas  required  for  heating  the  ovens,  after  which  the 
valve  is  closed  and  that  opening  into  the  poor  gas  main,  25,  on  the 
left  side  of  the  oven  opened;  this  gas,  which  is  gradually  drop- 
ping in  illuminating  power,  continues  to  flow  into  the  poor  gas  main 
until  the  coking  process  in  the  oven  is  finished ; when  this  occurs  the 
valve,  28,  is  closed,  cutting  the  oven  out  from  the  remainder  of  the 
plant.  The  doors  are  hoisted  and  the  pusher,  22,  which  has  been 
run  opposite  the  oven,  is  brought  into  operation.  The  ram,  21,  pass- 
ing through  the  oven,  drives  the  prism  of  coke  out  at  the  opposite 
end;  a stream  of  water  directed  from  a hose  nozzle  is  turned  on  the 
coke,  as  it  emerges  from  the  oven,  to  quench  at  once  the  heat  in  order 
to  prevent  loss  from  burning,  and  to  allow  its  immediate  discharge 
into  railway  cars.  The  coke  is  received  on  a loader,  20,  from  which 
if  is  dropped  into  the  cars. 

Immediately  on  leaving  the  highly  heated  oven  the  heavier  hydro- 
carbons in  the  gas  begin  to  condense  out  in  the  collecting  mains  to 
form  tar.  The  rich  and  poor  gas  mains  conduct  the  gas  and  con- 
densed tar  to  the  condensing  plant  shown  on  the  lower  half  of  the 
plan.  In  their  passage  through  this  system  the  two  streams  are  kept 
distinct,  though  for  emergency  purposes,  a series  of  by-pass  connec- 
tions allows  a variety  of  combinations  over  the  ordinary  method  of 
treating  the  gas.  The  object  of  the  condensing  plant  is  to  lower  the 
temperature  of  the  gas  to  approximately  atmospheric  conditions,  in 
which  operation  the  tar  condenses,  and  the  greater  portion  is  removed. 


102 


BY-PRODUCT  COKING  IN  AMERICA. 


The  gas  first  enters  a set  of  air  coolers  in  which  it  is  made  to  ' 
circulate  in  finely  divided  streams  through  comparatively  small  tubes, 
placed  in  the  open  air  in  such  a position  that  there  is  a good  current 
of  cool  air  playing  around  them;  from  these  the  gas  enters  a set  of 
multitubular  coolers,  through  the  tubes  of  which  cooling  water  is 
circulated.  The  gas  passes  in  series  through  this  set,  spreading  out 
among  the  water  cooled  tubes  in  its  passage.  At  the  outlet  of  the 
water  coolers  the  gas  contains  still  a small  residue  of  tar  in  the  form 
of  finely  divided  globules  carried  in  suspension.  To  free  it  of  this 
it  is  passed  through  an  extractor  composed  of  a system  of  baffle  plates 
of  finely  perforated  sheet  metal,  in  which  the  speed  of  the  gas  may  be 
so  regulated  as  to  give  the  best  results.  The  tar  formed  in  the  gas 
mains,  coolers  and  extractors,  together  with  a small  portion  depositing 
at  later  stages,  is  led  to  a collecting  cistern.  From  here  a portion 
is  pumped  back  to  the  batteries  and  injected  into  the  collecting  mains 
for  the  double  purpose  of  flushing  the  latter  and  of  allowing  the  hot 
gas  to  absorb  the  benzol  and  other  light  hydrocarbons  contained  in 
the  tar,  thus  raising  materially  the  candle  power  of  the  former. 

After  leaving  the  tar  extractor  the  gas  enters  the  exhauster,  the 
purpose  of  which  has  been  already  stated.  The  exhauster  is  of  the 
ordinary  rotary  type,  and  is  driven  by  an  engine  or  motor.  The 
slight  compression  of  the  gas  by  the  exhauster  has  the  effect  of  ma- 
terially raising  the  temperature  of  the  former,  which  is  cooled  again 
by  a passage  through  a small  second  cooler. 

The  gas  now  passes  in  series  through  a set  of  scrubbers,  the 
purpose  of  which  is  to  separate  the  vapor  and  salts  of  ammonia  from 
the  gas ; the  solubility  of  the  former  in  water  is  the  principle  on  which 
this  process  is  based.  The  scrubbers  consist  of  large  steel  cylinders 
filled  with  a great  number  of  wooden  gratings  over  which  water  is 
caused  to  trickle,  giving  a very  extensive  wetted  surface  exposure  to 
the  gas  in  its  passage  through  the  gratings.  The  water  is  made  to 
travel  in  an  opposite  direction  to  the  gas ; so  that  the  fresh  water,  with 
its  great  affinity  for  ammonia,  meets  the  gas  containing  the  least.  The 
water  used  in  the  last  scrubber  is  passed  through  the  second  and  finally 
the  first,  where  it  meets  the  incoming  gas  most  heavily  charged  with 
ammonia.  The  water  having  absorbed  about  one  per  cent,  of  am-- 
monia  is  now  known  as  ammoniacal  or  gas  liquor.  It  is  drained  from 
the  scrubbers  into  a cistern  from  which  it  is  pumped  to  the  ammonia 
house  to  be  transformed  into  marketable  products. 

Up  to  this  point  the  poor  and  rich  gases  have  passed  through 
duplicate  sets  of  apparatus,  and  have  received  the  same  treatment. 
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Kef  erring  to  Fig.  5,  the  two  mains  are  seen  entering  the  benzol  house ; 
the  poor  gas  on  the  right  and  the  rich  gas  on  the  left;  here  their  simi- 
larity of  treatment  ends. 

The  poor  gas  is  passed  in  succession  through  three  benzol  scrub- 
bers, precisely  as  in  the  ammonia  scrubbing  system,  excepting  that 
instead  of  water,  a light  oil  from  the  distillation  of  tar  is  employed. 
This  oil  when  cold  has  a strong  affinity  for  benzol  and  its  homologues, 
and  in  its  contact  with  the  poor  gas  absorbs  what  candle  power  the 
latter  may  have  in  the  form  of  these  light  hydrocarbons. , 

The  poor  gas,  freed  from  its  benzol,  passes  to  the  fuel  gas  holder, 
and  thence  back  to  the  oven  batteries  to  be  consumed  in  heating  the 
ovens. 

The  tar  oil,  saturated  with  benzol  from  the  poor  gas,  is  heated 
in  a pair  of  stills,  shown  to  the  left  in  the  benzol  house.  The  benzol, 
liberated  from  the  tar  oil  by  means  of  the  heat,  passes  over  in  vaporous 
form,  and  is  then  mixed  with  the  rich  gas  to  raise  its  candle  power. 
The  rich  gas  now  passes  to  the  purifying  beds  and  thence  through  the 
meter  to  the  distributing  gas  holder.  A producer  gas  and  also  a 
water  gas  plant  are  added  as  auxiliaries,  the  former  to  supply  a cheap 
fuel  gas  for  the  ovens  when  it  is  desirable  to  obtain  more  rich  gas 
than  the  requirements  of  the  fuel  S3^stem  will  allow  from  the  oven 
production;  the  latter  to  produce  a cheap  diluent  where  the  richness 
of  the  gas  and  the  available  benzol  permit  of  its  use.  These  two 
plants  are  fed  with  waste  coke  and  coal  unfit  for  sale  or  other  use. 

The  ammonia  house,  shown  to  the  left  of  the  plan,  contains  the 
apparatus  for  working  over  the  gas  liquor.  This  includes  an  am- 
monia still  of  the  Feldman  type,  having  fixed  and  volatile  sections  with 
liming  chamber ; in  this  the  hydrated  ammonia  and  volatile  salts  are 
broken  up  by  the  heat  of  direct  steam,  while  the  fixed  salts  are  treated 
with  lime  and  subjected  to  a heavy  boiling  process.  The  ammonia 
vapors  pass  out  the  top  of  the  still,  where  it  is  allowed  to  give  up  its 
surplus  heat  to  the  incoming  gas  liquor  by  the  use  of  an  economizer 
or  preheater. 

Two  forms  of  marketable  ammonia  are  made:  the  sulphate  and 
16  per  cent,  liquor  or  aqua  ammonia.  In  making  the  sulphate  the 
ammonia  vapors  leaving  the  still  are  caused  to  bubble  into  a solution 
of  sulphuric  acid,  contained  in  a lead  lined  tank  called  a saturator. 
When  all  the  acid  is  neuti  alized  tlie  contents  of  the  saturator  are  run 
into  a cooling  tank,  where  precipitation  takes  place.  The  saturator, 
in  the  meantime,  is  recharged  with  acid  and  mother  liquor.  When 
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precipitation  of  the  sulphate  is  complete  the  mother  liquor  is  siphoned 
oft  to  be  used  again  in  the  saturator ; the  precipitated  sulphate  is  then 
dropped  into  a centrifugal  drying  machine,  which  frees  it  of  mother 
liquor.  The  sulphate  is  finally  stored  in  bins  to  be  bagged  and  ship- 
ped when  suitable. 

The  manufacture  of  ammonia  liquor  involves  less  labor;  the 
vapors  from  the  still  are  passed  into  a concentrator  or  condenser,  con- 
sisting of  a series  of  water  cooled  compartments,  which  cool  the  vapors 
down  until  absorbed  by  the  water  driven  over  from  the  still. 

The  most  extensive  and  complete  of  the  earlier  American  by- 
product plants  is  that  of  the  New  England  Gas  and  Coke  Company 
at  Everett,  near  Boston,  Mass.  It  formed  a link  in  the  chain  of 
gigantic  enterprises  founded  by  Henry  M.  Whitney,  and  was  designed 
with  the  object  of  providing  a market  in  Boston  for  the  output  of  the 
Dominion  Coal  Company's  mines  in  Cape  Breton,  Canada.  The  coal 
is  brought  from  Louisbourg,  C.B.,  by  the  coal  company’s  fleet  of 
steamers  and  unloaded  into  bunkers  on  the  wharf. 

Fig.  7 shows  a general  view  of  this  plant.  Two  rows  of  four 
batteries  of  fifty  ovens  each  form  the  basis  of  the  plant.  Between 
these  are  shown  the  producer  house,  condensing  plant,  power  house, 
ammonia  distillery  and  the  various  stacks  for  the  ovens.  Between 
each  pair  of  batteries  is  a high  coal  bunker  from  which  the  coal  is  fed 
into  the  ovens  by  means  of  a larry  traversing  the  top  of  the  batteries. 
This  larry,  which  is  driven  by  electricity,  receives  its  charge  from  the 
elevated  bunker ; it  then  moves  over  the  oven  to  be  charged,  and  the 
contents  are  dropped  through  several  spouts  into  the  charging  open- 
ings in  the  top  of  the  oven.  The  transportation  of  the  coal  from  the 
bins  on  the  wharf  to  the  four  distributing  bunkers  between  the  batter- 
ies is  effected  by  means  of  an  endless  cable  railway.  The  small  nar- 
row gauge  cars  receive  their  charge  from  the  wharf  bins  by  gravita- 
tion; they  are  then  gripped  to  the  cable  and  start  on  their  journey 
around  the  plant.  On  leaving  the  wharf  bins  they  ascend  an  incline 
to  the  top  of  the  first  bunker,  and  then  pass  over  at  a high  elevation 
to  the  top  of  second,  and  thence  down  an  incline  to  the  rear  of  the 
plant. 

They  then  traverse  a long  trestle  under  which  is  the  storage  heap 
for  emergency  use,  rising  again  to  the  top  of  the  third,  and  thence 
pass  to  the  fourth  bunker,  after  which  they  drop  down  an  incline  to 
the  wharf  bins;  thus  making  an  entire  circuit  of  the  plant.  The  cars 
are  dumped  while  passing  over  the  bunkers  or  over  the  trestle  at  the 
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will  of  the  operators.  This  system  provides  a steady  supply  of  coal 
^t  the  expense  of  very  little  labor^  and  has  proved  highly  satisfactory. 
In  the  background  are  seen  the  purifying  and  meter  houses,  and  the 
immense  gas  holder,  having  a capacity  of  five  million  feet.  The 
primary  object  of  this  plant  was  to  supply  Boston  with  gas,  consider- 
ing the  coke  as  a by-product;  so  great  has  been  the  demand  for  coke 
for  railway  and  household  use,  however,  that  it  now  forms  the  chief 
product  of  the  plant.  The  tar  is  sold  by  contract  to  a chemical  works 
located  near  by,  which  by  fractional  distillation,  transforms  it  into 
marketable  productions.  The  ammonia  is  all  worked  into  sulphate, 
and  finds  a ready  sale. 

The  ovens  themselves  are  of  the  old  Otto-Hoffmann  type,  33  feet 
long,  6 feet  in  height,  18  inches  in  width,  and  have  a capacity  of  six 
tons  of  coal.  The  charge  is  pushed  from  the  oven  by  an  electrical 
pusher,  and  is  received  and  quenched  on  a loader  on  the  opposite  side 
of  the  battery,  from  which  it  is  dropped  into  railway  cars. 

The  gas  system  provides  for  a separation  of  the  earlier  and  later 
gaseous  products  of  the  charge,  the  earlier  portion,  amounting  to 
about  4,500  cubic  feet  per  ton  of  coal,  being  rich  in  illuminating 
power,  is  sent  to  the  city  mains,  while  the  later  product,  of  low  candle 
power,  amounting  to  5,000  cubic  feet,  is  returned  to  the  fuel  mains 
for  heating  the  ovens.  To  provide  for  excessive  or  emergency  de- 
mands for  illuminating  gas  a producer  plant  has  been  installed  to 
substitute  a portion  of  the  poor  oven  gas  with  producer  gas,  thus  per- 
mitting a larger  fraction  of  the  earlier  or  rich  gas  to  be  taken  ofi!  for 
illuminating  purposes;  the  necessary  enrichment  being  added  to  pre- 
serve the  candle  power.  This  producer  plant  makes  use  of  the  refuse 
eoke  gathered  up  in  the  yard,  which  is  unfit  for  sale. 

The  Everett  plant  produces  1,400  long  tons  of  coke  per  day, 
which  is  almost  entirely  used  in  Boston  or  vicinity. 

One-half  of  this  quantity  is  sold  to  the  railways  for  locomotive 
fuel,  and  the  remainder  is  disposed  of  for  steam  plants  and  domestic 
purposes.  The  daily  output  of  gas  reaches  6,500,000  cubic  feet.  This 
is  all  consumed  for  illuminating  purposes  in  Boston.  It  averages 
nineteen  candle  power  without  enriching. 

This  plant  of  400  ovens  has  been  in  operation  since  the  autumn 
of  1898,  and  has  given  perhaps  the  most  complete  and  satisfactory 
test  of  the  by-product  system  in  America.  The  company  itself  has 
labored  under  financial  troubles,  but  these  were  due  to  defects  in  or- 
ganization rather  than  to  any  fault  of  the  plant. 


THE  SUDBURY  ORE-BEARING  ERUPTIVE. 


M.  T.  CULBERT^  '02. 


The  Sudbury  nickel  and  copper  deposits  occur  in  that  belt  of 
rocks  known  as  the  original  Huronian  of  Logan,  which  stretches  from 
Georgian  Bay  to  Lake  Temiscamingue  and  on  to  the  north-east.  The 
rocks  of  this  series  in  most  prominence  in  the  nickel  region  are  grey- 
^^ckes,  quartzites,  mica  and  hornblende  schists,  porphyrites,  clay- 
slates  and  olivine-diabases.  The  ore-bearing  eruptive  is  only  present 
in  the  Sudbury  district,  and  almost,  if  not  completely,  surrounds  a 
eeries  of  younger  sedimentaries  which  include  volcanic  tuffs,  black 
bituminous  slates  and  sandstones.  This  last  series  has  been  referred 
io  the  Cambrian  by  Bell,  but  so  far  no  fossils  have  been  discovered. 

The  greywackes  are  of  wider  distribution  than  any  other  member 
of  the  Huronian  division,  and  present  many  different  phases  from  an 
almost  pure  quartzite  to  a mica-slate.  Metamorphism  has  also 
changed  it  in  places,  and  hornblende-chlorite-schists  which  occur  at 
Copper  Cliff  and  other  places  have  probably  resulted  from  such  a 
cause.  A characteristic  rock  of  the  region  is  an  interbanded  quartzite 
and  slate.  The  slaty  bands  have  developed  a cleavage,  some  places 
at  an  angle  with  the  bedding  plane.  In  the  vicinity  of  erupt ives 
mica-slates  have  been  developed  by  metamorphic  action,  and  the  slaty 
layers  of  the  original  rock  are  changed  to  grantiferous-chlorite- 
schists.  The  quartzites  of  the  district  are  rocks  corresponding  in  com- 
position to  the  siliceous  bands  of  the  greywackes,  and  both  are  con- 
formable to  one  another,  and  together  form  the  oldest  clastic  rocks 
of  the  Huronian  belt.  They  are  badly  tilted,  and  dip  at  all  angles. 

Diorite  porphyrites  have  been  erupted  through  the  sedimentary 
rocks  and  form  long  bands  which  often  lie  between  the  Huronian  and 
the  liaurentian.  One  of  these  bands  runs  from  Blezard  township 
south-west  to  Denison  township.  Phenocrysts  of  black  hornblende  in 
a black  groundmass  form  the  characteristic  rock  of  this  group.  At 
the  Stobie  mine  the  hornblende  forms  radiating  aggregates  which, 
with  a little  plagioclase,  make  up  the  rock.  Massive  diorites  also  are 
found  in  some  places  in  this  band  of  eruptives,  and  generally  lie  near 
the  gneiss. 

Among  other  rocks  clay  slates  occur  north  of  White  Water  lake 
and  a short  distance  west  of  Rayside  station.  Olivine  diabase,  in 
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dikes  varying  in  width  from  a few  inches  to  two  hundred  feet  or  more^ 
is  found  all  over  the  region,  and  cuts  through  all  the  other  rocks,  being: 
the  youngest  of  all. 

The  above  mentioned  rocks  belong  to  the  Huronian  proper,  with 
the  exception  of  the  olivine  diabases.  The  Huronian  belt  is  flanked 
on  each  side  by  Laurentian  gneisses  and  gneissoid  granites,  which  are 
younger  than  the  sedimentary  rocks,  as  inclusions  of  the  latter  occur 
in  the  gneisses,  and  the  granites  are  eruptive  through  the  elastics. 
The  gneiss  formed  the  floor,  probably,  on  which  the  Huronian  was  de- 
posited, and  later  this  floor  fused,  and  the  plastic  mass  broke  off  large 
masses  of  the  rocks  above  it,  and  sheared  the  inclusions  out  into  bands,- 
forming  the  banded  gneiss  now  found.  In  the  townships  lying  to  the 
west  of  Lake  Wahnapitae  large  angular  masses  of  schistoze  rock  form 
inclusions  in  a granite.  Eesorption  of  the  fragments  in  many  places 
lias  rendered  the  granite  more  basic,  and  it  has  become  ashen  grey  as  a 
result,  and  the  dark  minerals  predominate  among  its  constituents. 
Shearing  force  has  apparently  been  absent  in  this  part  of  the  district, 
or  we  should  find  a banded  gneiss  as  usual.  Hear  the  Froude  mine 
gneiss  lies  in  contact  with  the  band  of  basic  porphy rites.  For  a dis- 
tance of  a quarter  of  a mile  from  the  latter  banded  gneiss  occurs,  and 
finally  a gneissoid  granite  or  granite  gneiss  in  which  the  dark  bands, 
are  entirely  absent. 

The  younger  sedimentary  group  spoken  of  before  have  probably 
been  deposited  upon  the  gneiss,  although  the  two  are  separated  now 
by  an  eruptive  mass  which  forms  an  immense  laccolite  of  which  we 
will  speak  later.  This  sedimentary  group,  referred  to  above  as  con- 
sisting of  volcanic  tuff  or  breccia,  black  bituminous  slate  and  sand- 
stone, all  of  which  appear  conformable  to  one  another,  occupies  a 
synclinal  trough  or  fold  in  the  laccolite  and  gneiss  (Fig.  2),  the 
axis  of  which  runs  in  a direction  east  north-east  from  the  township 
of  Trill  to  the  townships  of  Horman  and  Capreol.  The  rocks  as  far 
as  they  extend  form  the  valley  of  the  Yermilion  river,  and  as  their 
resistance  to  glacial  action  has  been  uniform  the  area  they  occupy  is 
a low  level  extent.  Volcanic  activity  of  an  explosive  nature  has  been 
very  pronounced,  as  indicated  by  the  great  bed  of  tuffs  which  were  the 
first  of  the  series  to  be  deposited.  Then  followed  the  sandstones  and 
slates.  These  rocks  dip  at  low  angles  or  lie  horizontal  in  consistence 
with  the  synclinal  fold  (Fig.  2). 

Between  the  tuffs,  the  lowest  of  the  younger  clastic  group,  and 
the  Laurentian  gneiss  is  interposed  an  eruptive  mass  forming  an  im- 
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mense  laccolite.  This  is  the  ore-bearing  eruptive  and  is  apparently 
the  youngest  rock  in  the  region,  with  the  exception  of  the  olivine  dia- 
bases and  some  granites  which  penetrate  it.  The  outcrop  of  the 
laccolite  almost  if  not  completely  surrounds  the  younger  group  of 
sedimentaries  which  occur  only  in  one  continuous  area.  The  relation 
of  the  rocks  in  the  field  would  lead  one  to  suppose  the  eruptive  was  the 
older,  hut  its  massive  character  proves  it  to  have  consolidated  at 
depths,  and  as  it  is  practically  undisturbed  by  eruptions  it  must  have 
solidified  in  its  present  position.  Eeference  to  the  map  (Fig.  1)  will 
give  the  geographical  position  of  the  outcrop  of  the  eruptive  mass. 
This  extends  from  Trill  township  to  the  township  of  MacLennan, 


/ — Map  of  Sudbury  District. 

Ore  Searing  Eruptive  shaded  Ji^hl  , Basic  Portion  shaded  heavy. 


where  it  turns  north-west  for  a few  miles,  then  north  to  the  Whistle 
property  in  the  township  of  Norman,  where  it  assumes  a westward 
direction  to  Bowell  township.  Here  the  direction  turns  south-west, 
returning  to  the  township  of  Trill,  where  the  outcrop  is  very  probably 
continuous,  although  this  point  remains  to  be  proved  during  the 
following  summer.  The  continuity  of  the  rock  outcrop  in  the  town- 
ships of  Morgan  and  Levack,  although  never  mapped  by  official  geolo- 
gists, appears,  on  the  strength  of  statements  made  by  some  reliable 
prospectors,  to  be  unbroken. 

Pr&f,.  T.  L.  Walker  pointed  out,  in  his  paper  on  the  Sudbury 
Nickel  District, that  a transition  occurs  in  the  eruptive,  from  a dark 
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green  basic  norite  or  gabbro  through  an  intermediate  micropegmatite 
to  a flesh  red  granite.  In  the  ideal  section  (Fig.  2)  the  basic  rock 
is  heavily  shaded,  while  the  acid  rock  is  lightly  shaded.  Eeference 
to  the  accompanying  map  will  show  the  outcrop  of  the  rock  and  the 
positions  of  the  basic  and  acid  portions  geographically,  the  shading 
corresponding  to  that  of  the  ideal  section.  The  map  shows  the  rock 
to  outcrop  in  the  form  of  a loop  or  roughly  shaped  ellipse  with  the 
basic  portion  on  the  outside  and  the  acid  portion  on  the  inside,  speak- 
ing with  reference  to  the  centre  of  the  ellipse.  The  eruptive  dips 
under  the  tuff  on  every  side.  The  maps  of  the  Canadian  Greological 
Survey  do  not  indicate  the  presence  of  such  a transition,  as  the  fact 
was  not  recognized  hy  the  geologists  who  mapped  the  region  in  the 
years  1888-90.  Consequently  they  mapped  the  acid  phase  as  Lauren- 
tian  and  the  basic  portion  as  greenstone,  and  no  indication  is  given 
as  to  both  being  the  same  genetically.  A band  of  Huronian  appears 
on  the  official  map  lying  to  the  south  of  the  tuff.  This  is  present 
only  in  the  township  of  Eayside,  and  to  the  west  of  it,  and  lies  between 
the  eruptive  and  the  volcanic  rock. 

For  further  convenience  we  will  speak  of  the  contacts  of  the  erup- 
tive as  basic  and  acid.  The  basic  contact  being  that  of  the  noritic 
or  gabbroic  phase  with  Laurentian  or  Huronian,  and  the  acid  contact 
being  that  of  the  granitic  phase  with  the  Huronian  or  the  tuffs. 

Under  the  microscope  the  basic  rock  is  shown  to  have  been  a 
norite  originally,  although  it  is  greatly  altered  as  a rule.  The  com- 
ponent minerals  are  plagioclase,  biotite,  bastite,  quartz,  hornblende 
and  ilmenite.  Other  secondary  minerals  occur  as  zoisite  and  leu- 
coxene.  Bastite  indicates  the  rhombic  pyroxenes  to  have  been  present 
abundantly,  hyper sthene,  in  fact,  is  found  in  many  places,  as  in  Le- 
vack  township  and  at  the  Blezard  mine.  Chalcopyrite  and  pyrrhotite 
occur  at  the  basic  border  only,  and  always  lie  on  the  contact,  and 
except  where  occurring  in  large  masses  fade  out  into  the  rock  within 
a few  yards  from  its  edge.  Ilmenite  generally  shows  borders  of 
leucoxene.  Upon  passing  into  the  acid  phase  many  changes  are 
noticed.  Micropegmatite,  which  is  entirely  absent  in  the  norite,  be- 
gins to  appear,  the  rock  at  the  same  time  showing  reddish  grains  to 
the  eye,  until  the  micrographic  intergrowth  makes  up  half  of  the  rock. 
When  this  occurs  the  felspars  form  phenocrysts  radiating  from  which 
the  micropegmatite  forms  the  groundmass  of  the  rock.  In  the  ex- 
treme acid  phase  the  granite  shows  less  of  micropegmatite,  and  quartz 
is  very  abundant.  Hornblende  and  biotite  are  the  dark  minerals  of 
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the  granite  and  orthoclase  has  mostly  replaced  the  plagioclase,  al- 
though the  latter  seems  to  be  present  in  amount  at  the  acid  contact, 
and  this  may  be  accounted  for  by  the  rock  cooling  here  more  quickly 
than  at  other  points. 

Along  the  southern  outcrop  of  the  eruptive  which  stretches  -from 
the  township  of  MacLennan  to  Trill  township  the  basic  phase  always 
lies  in  contact  with  greywacks  and  gneisses,  granites  or  greenstones. 
The  transition  from  basic  to  acid  takes  place  from  south  to  north.  In> 
the  townships  of  Capreol  and  Norman  the  same  takes  place  from  east 
to  west.  Again  from  Norman  back  to  Trill,  along  the  northern  range 
or  outcrop,  it  occurs  from  north  to  south.  These  are  important  facts,, 
and,  as  will  be  seen,  have  an  important  bearing  on  the  subject. 

The  transition  from  norite  to  granite  shows  a decrease  relatively 
in  specific  gravity  and  chemical  composition.  I have  taken  the  liberty 
to  copy  the  following  rock  analysis  and  corresponding  specific  gravities- 
from  the  paper  by  Prof.  Walker.  The  specimens  were  collected  be- 
tween the  Blezard  mine  and  the  north  end  of  Whitson  lake  im 
a line  running  approximately  north  and  south,  and  at  right  angles 
almost,  to  the  outcrop  of  the  eruptive  which  is  here  about  four  miles 
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Another  series  of  specimens  collected  along  the  transition  on  the- 
main  line  of  the  Canadian  Pacific  Eailway  near  Windy  lake  in  the 
township  of  Dowling,  gave  the  following  specific  gravities,  viz. : 2.851, 
2.793,  2.722,  2.690,  2.746  and  2.714,  starting  with  the  basic  phase- 
of  the  rock.  Here  the  rock  is  lighter  near  the  centre,  but  the  heaviest 
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part  of  tlie  eruptive  is  the  basic  part  as  usual.  Weathering  may  prob- 
ably have  had  something  to  do  with  this  case,  as  the  heavier  bases  may 
have  reached  out,  especially  on  the  surface  where  the  specimens  were 
•collected.  Leaching  may  have  gone  further  where  the  lighter  speci- 
mens come  from.  The  reason  for  making  these  statements  will  be 
seen  in.  the  following  pages  of  this  paper. 

I have  left  the  consideration  of  the  ore  bodies  till  the  last. 
They  always  occur  at  the  extreme  basic  edge  and  have  been  originally 
a component  part  of  the  eruptive,  being  erupted  with  it  and  after- 
wards segregated.  The  cause  of  the  segregation  has  been  a matter 
of  speculation  in  the  minds  of  many  geologists.  Vogt  advanced  the 
theory  that  the  Norwegian  nickel  deposits  had  segregated  from  the 
parent  rock  towards  its  cooling  edges  according  to  Soreks  principle. 


/ / rre  r/or/%  r?  s o c/ /"/h 


Dr.  Adams  applied  this  theory  to  account  for  the  occu  rence  of  the  Sud- 
bury ores.  This  hypothesis  did  not  seem  tenable  to  my  mind  after 
examining  the  deposits  along  the  southern  outcrop  of  the  eruptive, 
and  in  the  townships  of  Norman  and  Bowell  I first  satisfied  myself, 
by  tracing  the  continuity  of  the  southern  and  northern  ranges  (See 
map),  that  some  more  profound  agency  had  been  at  work.  The  oc- 
currence of  the  transition  in  the  rock  mass,  together  with  varying 
specific  gravity  forcibly  suggested  to  me  the  theory  that  the  eruptive 
mass  after  eruption  had  segregated  according  to  the  laws  of  gravity, 
and  that  the  ore  occurred  as  an  ultra-basic  segregation.  This  theory 
-explains  the  transition  in  the  rock  as  well  as  the  position  of  the  ore 
in  relation  to  the  eruptive.  Another  fact  which  supports  this  hypo- 
thesis is  the  occurrence  of  the  largest  ore  bodies  at  points  where  the 
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basic  contact  makes  sharp  bends,  as  at  the  Creighton  mine  and  at  the- 
Whistle  property  in  Norman  township.  These  bends  in  the  outcrop 
indicate  the  position  of  troughs  along  the  axes  of  which  the  ore 
gathered  in  mass.  Ore  is  disseminated  all  along  the  basic  contact, 
and  a continuous  band  of  gossan  is  found  very  slight  in  places,  but 
distinct  as  a rule,  especially  on  the  northern  range.  Where  large 
ore  masses  occur  they  always  fade  out  into  the  mother  rock,  which 
becomes  barren  in  a very  short  distance.  The  great  difference  in 
specific  gravity  between  the  rock  and  ore  would  naturally  cause  the 
separation  of  the  two  to  be  very  complete,  and  such  is  the  case. 

The  Copper  Cliff  mines,  and  also  the  Stobie,  the  Fronde,  the 
Worthington,  the  Victoria,  and  some  others  do  not  occur  on  the  edges 
of  the  laccolite,  but  on  dikes  of  the  basic  rock.  These  are  probably 
the  channels,  through  which  the  mother  magma  formed  at  depths 
found  its  way  to  its  present  position,  and  they  also  have  been  affected 
by  gravitative  force.  As  they  lie  beneath  the  main  mass  they  are 
consequently  basic  in  composition.  Before  the  Ice  Age  the  laccolite 
must  have  been  of  much  greater  extent,  and  covered  an  area  embrac- 
ing the  dikes.  If  glacial  action  had  gone  further  it  would  very  likely 
have  uncovered  many  other  dikes  which  lie  beneath  the  laccolite. 
As  it  is,  we  have  the  channels  of  eruption  distinctly  shown  in  these 
dikes.  Until  late  years  most  of  the  ore  has  been  obtained  from  dikes, 
but  the  greatest  deposits  occur  on  the  edges  of  the  laccolite.  The 
ore  always  occurs  with  the  norite  or  gabbro,  although  the  rock  is 
changed  to  a diorite  as  a rule. 

To  my  knowledge,  this  is  the  first  time  that  the  law  of  gravity 
has  been  assumed  to  be  a factor  in  the  formation  of  ore  deposits.  I 
would  suggest  that  it  probably  has  operated  more  widely,  and  has  had 
much  to  do  with  the  titaniferous  ores  occurring  with  massive  gabbros. 
J have  never  had  opportunity  myself  to  examine  such  ores,  and  merely 
suggest  it  as  a factor  in  their  formation.  Aside  from  ore  deposits,  grav- 
ity has  probably  been  a force  acting  towards  differentiation  in  manv 
rock  magmas,  during  the  time  before  their  solidification  from  a molten 
state.  I hope  that  in  the  future  many  of  the  problems  of  petrography 
will  be  solved  by  the  applieation  of  the  theory,  that  segregation  inta 
more  or  less  basic  and  acid  portions  or  layers  takes  place  in  a molten 
magma,  due  to  the  force  exerted  by  gravity.  We  have  a parallel  on 
n small  scale  in  the  example  of  the  blast  furnace,  the  action  of  which 
is  well  known  to  every  scientist. 


R.V  S. 
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HANDLING  DYNAMITE. 


W.  E.  H.  Carter,  B.A.Sc.,  Inspector  of  Mines  of  Ontario. 


This  article  is  intended  to  deal  with  that  phase  of  mining  oper- 
ations which  entails  the  actnal  handling  of  dynamite  from  the  time 
the  consignment  arrives  at  the  mine  until  it  has  been  loaded  into 
the  holes  and  exploded,  the  purpose  being  to  set  forth  as  concisely 
as  possible  the  only  safe  methods  to  follow.  The  presentation  of  such 
a subject  would  be  greatly  increased  in  forcefulness  if  comparison 
were  made  with  the  all  too  prevalent  mal-practices,  but  unfortunately 
their  very  number  is  such  that  space  and  time  here  will  not  allow 
more  than  an  occasional  mention.  But  in  their  lieu  the  same  end 
will  have  been  attained  if  everyone  who  has  to  deal  with  dynamite 
grasps  hard  and  fast  the  first  principle  of  the  work,  which  is  that 
instructions  for  the  well  defined  safe  practices  must  be  followed  liter- 
*ally  and  not  as  with  all  other  mining  work  altered  to  suit  circum- 
stances. 

There  are  perhaps  more  risks  run  in  the  every-day  handling 
of  this  explosive  than  any  other  detail  of  the  work  of  mining, 
and  in  nearly  every  case  may  such  recklessness  be  traced  to  ignorance 
of  the  dangerous  properties  of  the  material  as  the  original  cause, 
the  later  or  subsequent  carelessness  being  born  of  long  immunity  from 
accident  in  its  use.  And  therefore  the  real  astonishment  expressed 
by  miners  when  taken  to  task  for  practices  which  they  had  for  a 
lifetime  considered  quite  model. 

During  the  first  stages  of  development  of  a prospect  the  natural 
tendency  is  of  course  to  minimize  outlays  on  plant  of  every  kind,  and 
so  in  the  general  curtailment  it  comes  but  natural  to  the  unthink- 
ing to  also  adopt  makeshift  schemes  for  the  storage,  thawing  and 
general  handling  of  the  dynamite.  In  this  the  originality  of  the 
miner  carries  him  into  wonderfully  reckless  schemes,  and  all  for  the 
sake  of  avoiding  the  outlay  of  a small  sum  for  proper  plant  or  ap- 
pliances, and  the  (imagined)  inconvenience  attending  their  use. 
Such  methods  are  always  along  lines  of  mistaken  economy,  to  say 
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nothing  of  the  perils  they  involve,  for  no  matter  v^hether  the  mine 
be  a prospect  or  a producer  this  one  item  of  plant  for  the  safe  hand- 
ling of  dynamite  should  be  figured  into  the  inevitable  expenditures, 
just  as  much  a necessity  as,  for  instance,  is  the  blacksmith  forge  to 
the  steel. 

Thorough  knowledge  of  the  variable  actions  of  this  not  always 
certain  explosive  cannot  be  obtained  alone  by  either  the  study  of  its 
chemical  composition,  properties  and  re-actions,  and  its  manufac- 
ture, or  alone  by  a wide  personal  experience  in  its  practical  applica- 
tions, but  by  a conjunction  of  both  these  sides  of  the  question. 
Laboratory  experiments  do  not  teach,  for  instance,  how  to  thaw 
several  cases  of  dynamite  at  a time  in  the  minimum  time  possible 
with  safety,  nor  how  to  prime  a stick,  nor  how  to  load  a dry  back 
hole,  nor  a wet  lifter,  and  so  on,  any  more  than  the  simple  perform- 
ance of  this  work  in  the  field  will  make  the  operator  sensible 
of  the  limits  of  stability  of  the  explosive  during  the  different  pro- 
cesses preparatory  and  final  to  blasting;  and,  therefore,  the  fact  that 
few  but  the  educated  engineer  or  his  staff  employ  of  their  own  initiat- 
tive  methods  and  appliances  for  handling  the  explosive  that  can  be 
said  to  have  a satisfactory  degree  of  safety. 

Properly,  provision  should  be  made  for  the  reception  of  the 
dynamite  at  the  mine  before  it  arrives  by  erecting  a magazine;  but 
if  this  cannot  or  has  not  been  done  recourse  may  temporarily  be  had 
to  some  secluded  or  distant  spot  where  it  may  lie  sheltered  from  the 
weather  while  the  magazine  is  building.  In  the  erection  of  this,  only 
two  really  important  considerations  arise  which  are  first,  the  choos- 
ing of  a suitable  locality,  and  second,  the  design  and  material  most 
preferable.  The  first  depends  largely  upon  the  nature  of  the  coun- 
try, whether  it  be  hilly  or  fiat.  When  hilly  a variety  of  choice  is 
possible;  but  when  flat  the  safeness  of  any  natural  location  may  be 
made  contingent  simply  on  distance. 

As  safe  a rule  as  one  need  seek  and  one  which  prescribes  a suit- 
able minimum  limit  to  the  proximity  of  the  magazine  to  the  mine 
workings  under  all  circumstances  is  clearly  expressed  in  the  Mines 
Act,  Eevised  Statutes  of  Ontario,  1897,  consolidated  form,  section 
80  (3),  which  reads:  “No  magazine  of  powder,  dynamite  or  other 
explosive  shall  be  erected  or  maintained  at  a nearer  distance  than  400 
feet  from  the  mines  and  works,  except  with  the  written  permission  of 
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the  inspector,  and  every  such  magazine  shall  he  constructed  of  mater- 
ials and  in  a manner  to  insure  safety  against  explosion  from  any 
cause,  and  shall  be  either  so  situated  as  to  interpose  a hill  or  rise 
of  ground  higher  than  the  magazine  between  it  and  the  mine  and 
works,  or  else  an  artificial  mound  of  earth  as  high  as  the  magazine 
and  situated  not  more  than  30  feet  from  it  shall  be  so  interposed.''^ 

This  gives  adequate  scope  to  the  mine  manager  and  to  the  inspec- 
tor in  the  location  of  a safe  site.  For  instance,  if  the  mine  workings 
should  lie  altogether  on  one  side  of  a high  hill  it  would  possibly  an- 
swer all  requirements  to  build  the  magazine  not  200  feet  away  in  a 
straight  line,  but  around  the  other  side  of  the  intervening  hill;  while 
again,  if  it  is  desired  to  overcome  the  necessity  of  interposing  an  artb 
ficial  protection  in  the  shape  of  an  earth  mound,  a requirement  in- 
serted in  the  Act  more  to  allow  of  accommodating  certain  condi- 
tions where  proximity  is.  desirable  than  with  the  idea  of  compulsion, 
the  magazine  may  be  moved  out  to  a considerably  greater  distance 
than  the  specified  400  feet,  and  meet  with  the  sanction  of  the  inspector. 
This  in  fact  is  the  usual  solution  in  flat  localities.  The  purpose  of 
the  interposed  mound  of  earth  is  to  deflect  the  force  of  an  explosion 
upwards,  and  thus  lessen  its  effect  in  that  direction.  Many  are  not 
content  with  putting  only  400  feet  between  their  workings  and  the 
magazine  even  though  a high  hill  intervene,  but  locate  the  magazine 
as  much  as  a quarter  of  a mile  off.  And  in  such  a case  one  can  but 
commend  their  desire  for  complete  immunity  from  risk.  Still  there 
is  no  sense  in  going  to  such  a distance  that  considerable  inconvenience 
results  as  well  as  expense  in  bringing  in  to  the  thawing  house  at  the 
mine  the  small  supply  for  daily  consumption,  when  a situation  an- 
swering all  requirements  is  obtainable  close  at  hand. 

The  liabilities  to  explosion  by  forest  or  bush  fires,  and  by  flying 
rocks  from  open  blasting  operations  when  the  mine  happens  to  be  a 
quarry  or  other  form  of  uncovered  pit,  also  frequently  constitute  im- 
portant considerations  in  the  choice  of  a site.  It  is  Just  as  well  in  any 
case  to  clear  away  all  timber  and  other  combustible  material  to  avoid 
danger  from  fire.  Also  at  many  mines  where  it  has  not  been  possible 
to  effectually  shield  the  magazine  from  the  perils  of  a habited  vicinity, 
the  other  extreme  has  been  resorted  to  by  perching  the  magazine  at  a 
safe  distance  from  the  mine  workings  on  top  of  a conspicuous  hill,  or 
on  a wide  level  stretch,  with  possibly  a bright  flag  fluttering  from  the 
peak,  in  order  to  give  the  greatest  possible  prominence  to  its  locality. 
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The  building  should  stand  near  some  good  highway,  or  otherwise  have 
such  a road  built  in  to  it  to  facilitate  hauling  in  the  supplies. 

With  regard  to  the  design  and  material  of  the  magazine  it  may 
be  said  that  in  general  the  lighter  the  better,  so  that  in  case  of  an 
explosion  the  building  will  be  completely  demolished  and  the 
radius  of  danger  from  flying  materials  reduced  to  the  minimum.  If 
built  of  stone  or  brick  work  this  risk  could  not  be  avoided,  while 
the  only  advantages  gained  would  be  the  questionable  ones  of  safety 
from  fire  and  from  theft.  It  is  nearly  always  possible  to  avoid 
the  former.  The  latter  exists  only  rarely  and  locally.  The  most 
suitable  building  is  one  made  of  rough  or  dressed  boards  on  an  ordinary 
wood  frame-work  with  a tight  roofing  of  shingles  or,  if  these  are  not 
available,  of  a combination  of  tar-paper  and  boards  which  will  insure 
waterproofness.  The.  floor  should  stand  a foot  or  two  off  the  ground, 
with  between  the  two  an  unobstructed  air  passage,  and  be  constructed 
of  dressed  tongue  and  grooved  lumber,  the  walls  also  lined  with  the 
same.  Particular  attention  should  be  given  in  both  to  counter-sinking 
the  heads  of  the  nails.  In  both  side  walls  on  the  floor  level,  openings 
should  be  cut  for  ventilation  and  covered  with  wire  netting  or  some 
such  obstruction  to  the  entrance  of  vermin,  and  from  the  roof  a 
hooded  pipe  projected  to  complete  the  means  for  air  circulation.  Have 
the  dooi'  open  outwards  and  fit  it  with  latch  and  lock  so  that  at  all 
times  when  not  in  use  it  may  be  kept  securely  fastened. 

Not  infrequently  danger  of  explosion  is  to  be  apprehended  from 
stray  rifle  balls,  particularly  in  this  country  where  hunting  forms  the 
pastime  of  many  of  those  engaged  in  mining.  But  safety  against 
these  may  be  efficiently  insured  by  the  simple  means  of  lining  the 
interior  of  the  magazine  with  a sand  wall.  To  illustrate  the  con- 
struction in  such  a case  I quote  the  results  gained  by  Mr.  Courtenay 
de  Kalb  in  his  experiments  along  this  line  given  in  his  “ Manual  of 
Explosives.^^  He  says,  Safety  may  be  insured  by  constructing  inside 
the  magazine  a wainscoting  with  a space  of  6 inches  between  it  and 
the  wall,  made  sufficiently  tight  to  hold  fine  dry  sand  with  which  the 
interspace  should  be  closely  filled.  If  this  is  made  as  high  as  the 
top  of  the  pile  of  cases  holding  the  explosives,  and  the  sand  is  well 
compacted  and  confined  by  boards  covering  the  sand  space,  no  rifle 
now  manufactured  will  be  able  to  send  a ball  througli  this  sand  even 
if  fired  as  close  as  twenty-five  feet  from  the  magazine.^’ 

The  light  frame  building  as  above  described  is  not  usually  looked 
on  with  favor  by  the  ordinary  miner,  because,  as  a rule,  he  has  been 
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accustomed  to  such  heavy  structures  as  log  houses  or  earth  houses,  or 
a combination  of  the  two  with  the  upper  log  work  solidly  buried  be- 
neath several  feet  of  dirt  and  stones.  The  explanation  of  his  prefer- 
ence probably  originates  in  the  fact  that  usually  lumber  is  too  expen- 
sive or  not  at  all  available.  He  has,  however,  and  as  a result,  come  to 
think  of  solidity  as  a prime  essential  in  a magazine,  and  it  is  not  un- 
common to  see  this  carried  to  the  extreme  of  making  use  of  some  out 
of  the  way  cave  or  tunnel  to  store  the  dynamite  in.  Hone  of  these 
storage  places  should  be  tolerated,  except  possibly  a carefully  erected 
light  log  house,  because  they  one  and  all  hold  dampness,  any  system 
of  ventilation  that  may  be  provided  notwithstanding,  and  dampness 
will  ruin  an  explosive  which  contains  nitrates  either  as  an  essential  or 
an  accessory  ingredient.  The  nitrates  deteriorate  rapidly,  the  quality 
being  affected  such  a way  as  to  prevent  explosion  of  the  more  badly 
weathered  portions.  The  visible  effect  appears  in  a gradual  change  in 
the  color  of  the  dynamite  from  the  uniform  yellowish  brown  to  a 
patchy  gray,  due  to  the  formation  of  black  or  dark  spots,  and  a mouldy 
excrescence  on  the  surface  of  the  paper  wrapping.  It  should  in  every 
case  be  a first  consideration  to  provide  for  dryness  in  the  place  of 
storage. 

In  piling  the  cases  in  the  magazine  lay  them  on  their  flat  side 
and,  in  order  to  better  the  circulation  of  air  about  each,  place  thin  slats 
between  the  successive  tiers.  Unless  th^  dynamite  is  frozen  the  boxes 
should  be  turned  over  every  week  or  so  to  maintain  the  original  uni- 
formity in  the  composition  of  the  dynamite  by  preventing  the  nitro- 
glycerine settling  to  the  side  of  the  cartridge.  Too  great  care  in  this 
respect  cannot  be  exercised,  since  on  the  uniformity  of  the  blasting 
charge  directly  depends  the  degree  of  violence  of  detonation  and  the 
avoidance  of  the  perils  of  unexploded  portions,  which  also  are  accom- 
panied by  excessive  generation  of  poisonous  gases. 

Hothing  but  the  dynamite  should  be  stored  in  the  magazine,  and 
above  all  never  any  detonating  caps  nor  fuse.  These  latter  demand 
a store-house  of  their  own,  not  necessarily  a separate  building,  but 
such  a one  as,  for  instance,  the  general  store-house  of  the  mine.  The 
magazine  must  be  kept  scrupulously  clean,  and  when  dynamite  is  re- 
quired the  cases  must  be  removed  unopened  to  the  small  building 
erected  apart  at  the  mine  for  the  purpose  of  such  preparation. 

This  preparation  house  is  usually  called  the  thawing-house,  since 
in  it  the  dynamite  is  thawed  and  prepared  for  loading  and  blasting. 
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The  cases  should  be  opened  in  here,  and  all  the  sticks  of  dynamite  at 
once  taken  ont,  wiped  clean  of  the  sawdnst  and  then  either  laid  out 
on  racks  or  replaced  in  the  cleaned  box  to  be  drawn  on  for  thawing. 
Then  clean  up  and  carry  out  all  the  waste  boards  and  sawdust  to 
some  sheltered  dump  and  burn  them  up.  This  sawdust,  and  not 
infrequently  the  case  itself,  absorbs  a certain  amount  of  nitro-glycer- 
ine,  noticeable  on  the  latter  by  the  presence  of  oily  stains,  and  should 
not  be  left  lying  about  to  form  a menace  to  the  safety  of  the  locality. 

'No  special  regulations  are  laid  down  for  the  location  and  design 
of  this  thaw-house  since  in  many  cases  where  the  daily  supply  of 
dynamite  handled  does  not  exceed  a few  pounds,  any  small  warm 
shelter  such  as  a box  wherein  to  place  the  tins  answers  the  purpose 
provided  it  be  taken  away  a short  distance  from  the  other  buildings. 
When,  however,  more  than  a case  (50  lbs.)  is  required  at  once,  it  is  a 
matter  of  economy  of  both  time  and  labor  to  provide  a separate 
building  wherein  all  such  thawing  and  preparation  of  the  blasting 
charges  may  be  confined.  The  house  should  be  lightly  and  warmly 
constructed,  similarly  to  the  magazine  above  described,  and  located 
not  nearer  than  100  feet  to  any  of  the  workings.  To  it  the  supply 
will  be  brought  every  day  or  two,  not  to  exceed  in  quantity  200  lbs. 
when  the  house  stands  unprotected  from  the  rest  of  the  buildings. 

There  are  only  two  safe  ways  of  thawing  dynamite.  One  is  in  a 
vessel  surrounded  by  warm  water,  and  the  other  in  a room  or  house 
heated  by  steam  pipes,  the  pipes  to  be  so  protected  from  the  explosive 
that  none  can  come  in  contact  with  them.  For  first-mentioned 
practice  two  styles  of  galvanized  iron  or  sheet  zinc  warm-water  tins 
are  manufactured  and  to  be  had  at  most  hardware  stores  in  the  mining 
centres.  Usually  the  supplying  powder  company  will  furnish  them. 
One  consists  of  a system  of  two  pails,  the  smaller  of  which  forms  the 
receptacle  for  the  dynamite  and  fits  inside  the  other  with  a space  of 
two  or  three  inches  between  for  the  water;  while  the  other  is  a rec- 
tangular box  having  horizontal  tulles  large  enough  to  receive  the  cart- 
ridges and  extending  from  end  to  end.  The  preference  is  with  the 
latter  of  the  two,  because  in  it  tlie  cartridges  lie  flat  and  the  nitro- 
glycerine has  not  the  same  opportunity  to  leak  out  as  when  standing 
on  end  in  the  pails.  The  temperature  of  tlie  water  must  not  exceed 
125°  Fahr.,  which  is  about  as  hot  as  can  be  borne  by  tlie  hand,  and 
it  may  quickly  be  tested  in  this  way.  When  it  lias  been  heated  to  the 
proper  degree  in  another  vessel,  and  elsewhere  than  in  this  building. 
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into  which  no  stove  or  fire  of  any  kind  beyond  a lantern  for  light 
nt  night  should  ever  enter^  it  is  poured  into  the  previously  emptied 
tins  either  by  removing  the  inner  pail  of  the  one  thawer^  or  by  means 
of  the  funnel  mouth  of  the  other,  this  latter  being  also  provided  with 
sn  outlet  faucet  near  the  bottom. 

It  seems  to  be  a not  infrequent  property  of  dynamite  cartridges 
wdien  thawed  to  leak  nitroglycerine,  and  this  irregularity  is  due  to  the 
imperfect  condition  of  the  dynamite,  either  primarily  in  the  manu- 
facture or  developed  with  age.  As  a consequence  shelves,  vessels  and 
any  other  receptacles  in  which  the  cartridge  are  continually  kept  be- 
come appreciably  coated  with  it  and  must  be  frequently  and  regularly 
cleansed,  the  thawing  tins  at  least  every  two  or  three  days.  Ordinary 
washing  with  water  has  practically  no  effect  even  on  the  smooth  sur- 
faces of  thaw  tins,  the  oily  liquor  clinging  most  tenaciously  to  what- 
ever it  touches.  It  is  necessary  to  chemically  destroy  its  composi- 
tion, and  this  is  most  easily  and  quickly  accomplished  with  a solution 
of  common  carbonate  of  soda — sal  soda  or  washing  soda — applied 
warm.  As  an  illustration  of  the  futility  of  attempting  to  wash  it 
off  with  water,  I recall  an  accident  which  occurred  a few  years  ago  at 
one  of  the  large  mines  in  western  Ontario.  One  of  the  men  in  looking 
for  a piece  of  tin  found  a discarded  thawing  can  on  the  lake  shore 
w^here  it  had  lain  under  water  a year  or  more  subjected  to  the  severe 
washing  and  pounding  of  the  waves.  Carrying  it  to  the  blacksmith, 
they  began  cutting  it  up  on  the  anvil  with  chisel  and  hammer,  when 
suddenly  on  a blow  of  the  latter  it  exploded  to  pieces,  the  jagged 
fragments  as  well  as  the  hammer  flying  in  every  direction  and 
severely  cutting  and  tearing  the  two  men.  The  explosion  was  of 
course  caused  by  the  presence  of  nitroglycerine,  which  had  accumu- 
lated when  the  tin  was  in  use  and  not  been  washed  out  nor  destroyed, 
and  not  a year’s  washing  by  water  had  sufficed  to  rub  it  off.  Besides 
emphasizing  the  necessity  of  periodically  removing  these  accumula- 
tions of  leaked  nitroglycerine,  this  also  emphazises  the  importance  of 
immediately  burning  up  all  old  refuse  with  which  dynamite  has  at  any 
time  come  in  contact. 

There  is  a most  dangerous  type  of  thawing  tin  in  not  uncommon 
use  in  some  of  the  western  mining  camps,  though  so  far  as  I am  aware 
not  in  this  Province,  which  it  is  worth  mentioning  for  the  purpose 
of  a warning  against  its  adoption.  It  consists  essentially  of  one  or 
other  of  the  previously  described  thawing  cans  with  a base  compart- 
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ment  for  candle  stubs  or  oil  burners  which  are  kept  lit  to  maintain 
dhe  warm  temperature  of  the  water.  With  the  usual  intermittent 
attention  given  such  apparatus,  an  explosion  is  most  likely  to  follow 
:sooner  or  later  either  from  overheating  the  water^  or,  following  its 
complete  evaporation  away,  by  the  consequent  overheating  of  the  tins. 
Besides  these  reasons  the  practice  at  once  risks  the  perils  of  prox- 
imity of  fire  which  should  be  tolerated  under  no  circumstances. 

The  water  for  thawing  should  never  be  heated  in  the  thawing 
tins.  No  fire  of  any  kind,  either  candles,  matches,  pipes  or  stoves, 
■except  in  the  above  mentioned  case  where  a lantern  is  needed  at  night 
for  light,  should  ever  enter  the  thawing-house  or  indeed  ever  come  into 
the  vicinity  of  stores  of  dynamite.  To  thaw  dynamite  by  means  of 
direct  heat  from  a stove  or  fire  is  to  run  the  greatest  peril,  and  even 
to  use  the  sun^s  rays  entails  indirect  dangers  by  the  production  of  leaks 
and  by  decomposition.  So  many  dont’s  occur  to  me  on  improper 
methods  of  thawing  that  I had  better  cut  short  the  description  of 
fhis  phase  of  the  work  by  again  emphatically  referring  to  the  opening 
uxiom  that  there  are  but  two  safe  ways,  and  proceed  with  the  second. 

This  alternate,  when  mad-e  possible  by  the  proximity  of  a power 
plant  from  which  the  necessary  steam  may  be  obtained,  is  much  the 
more  preferable  because  of  its  simplicity,  requiring  no  regular  atten- 
tion and  being  continuous  in  action.  The  interior  arrangement  of 
the  building  provides  a suitable  number  of  shelves  made  of  solid 
•dressed  boards  wider  than  the  length  of  the  dynamite  cartridge  and 
affixed  to  the  rear  and  side  walls ; also  a bench  for  convenience  in  pre- 
paring the  charges.  Shelves  of  slats  should  never  be  used  because  of 
the  liability  of  the  sticks  falling  through;  and  store  all  broken  car- 
tridges in  a box  on  the  shelf,  or  otherwise  the  fragments  of  dynamite 
which  crumble  out  on  to  the  shelf  may  reach  the  floor.  A steam  pipe 
■of  one  inch  diameter  affixed  to  the  wall  along  the  floor  will  suffice  to 
heat  the  building  when  using  live  steam,  or  a single  length  of  a larger 
pipe  for  exhaust  steam,  the  coil  or  pipe  to  be  well  protected  from  fall- 
ing dynamite  or  contact  with  it  in  any  other  way  by  a close  wooden 
grating  or  other  board  covering.  It  is  usual  to  exhaust  the  steam 
whether  live  or  exhaust  into  a water  tank  outside  the  room,  which 
prevents  overheating  and  also  possible  choking  up  of  the  system. 

Either  the  powder  man  who  has  entire  cliarge  of  the  explosives 
not  only  tliawing  the  dynamite,  but  loading,  priming  and  blasting  all 
lioles,  or  some  other  competent  miner  sliould  liave  full  control  ot‘  the 
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thaw-house  and  all  operations  therein  and  be  held  responsible  for  the 
same.  He  will  have  the  key  and  must  see  that  the  room  is  kept 
locked  when  not  in  use. 

It  frequently  happens  that  large  quantities  of  dynamite  are  re- 
quired to  be  thawed  for  use  each  day  at  some  out-of-the-way  place 
where  no  steam  is  available  and  where  there  are  no  mine  builings 
wherein  to  heat  water  for  the  large  number  of  thawing  tins  that 
would  be  required.  In  this  case  it  is  a question  of  either  erecting  two 
separate  buildings^  in  one  of  which  to  keep  a stove  and  in  the  other 
thawing  tins^  or  of  erecting  one  structure  of  non-combustible  ma- 
terials, divided  into  two  rooms  by  a brick  or  stone  wall.  On  the  one 
side  a stove  is  set  up  and  on  the  other  the  thawing  apparatus  consist- 
ing of  a big  barrel  filled  with  water  in  which  a galvanized  iron  or 
zinc  receptacle  of  adequate  capacity  for  holding  the  dynamite  is 
suspended.  The  stove  and  barrel  are  then  connected  through  the 
wall  by  a pipe  system  complete  in  itself  and  having  its  own  supply  of 
water,  an  expansion  pipe  out  of  the  top  forming  its  only  outlet.  One 
end  enters  the  stove  for  contact  with  the  flames  and  the  other  the 
I'arrel  where  it  is  immersed  in  the  water.  When  heated  at  the  stove 
the  water  in  the  pipes  begins  circulating  up  and  along  the  upper 
pipe  to  the  barrel  where,  striking  the  colder  temperature  of  the  barrel 
water,  it  descends  and  returns  along  the  lower  side  of  the  coil  to  the 
starting  point  in  the  stove,  thus  soon  warming  the  water  in  the  barrel 
and  thawing  the  dynamite.  Overheating  is  impossible  by  the  sep- 
aration of  the  two  systems  of  waters. 

The  primitive  method  of  thawing  by  immersing  the  dynamite 
directly  in  warm  water  may  be  employed  only  as  a temporary  con-’ 
venience;  otherwise  it  is  to  be  strongly  condemned  since  the  explo- 
sive becomes  then  un-uniformly  saturated  with  water  by  absorption, 
making  its  subsequent  detonation  uncertain  and  causing  considerable 
leakage  of  the  nitroglycerine. 

Once  dynamite  is  thawed  it  is  desirable  to  keep  it  so,  since  every 
re-freezing  and  re-thawing  causes  deterioration  in  strength  and  ulti- 
mately makes  its  use  perilous.  It  is  nearly  always  possible,  however, 
to  closely  estimate  the  quantity  required  to  be  thawed  for  a charge, 
and  any  small  excess  can  tlien  be  used  up  on  the  next  occasion.  When 
properly  thawed  the  cartridges  Avill  feel  uniformly  pliable  through- 
out, the  lumpiness  having  gradually  disappeared.  When  partially 
thawed  there  is  danger  of  explosion  in  loading,  for  cl^mamite  is  most 
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sensitive  to  shock  or  friction  at  temperatures  jnst  above  its  freezing 
point  (about  42°  Fahr.).  The  detonation  of  the  charge  also  will  he 
incomplete,  yielding  a less  powerful  effect  and  giving  off  poisonous 
fumes. 

Having  thawed  the  dynamite,  the  next  operation  will  he  the 
preparation  of  a number  of  primers  equal  to  the  number  of  holes  to 
be  loaded.  The  name  of  primer  applies  to  the  cartridge  of  dynamite 
into  which  the  cap  and  fuse  are  inserted.  It  forms  the  last  or  top 
stick  of  a charge,  and  by  its  explosion  detonates  the,  rest.  Some 
miners  prefer  to  make  ready  their  primers  on  the  surface,  in  which 
case  a room,  preferably  the  thawing  room,  should  be  set  aside  for  the 
purpose.  Others  again  will  cap  a number  of  fuse  lengths  above 
ground  (this  should  always  be  done  here),  and  load  the  primers  with 
the  same  at  the  holes.  Both  are  satisfactory  though  the  former  pre- 
ferable since  more  convenient  and  much  more  likely  to  be  done 
properly. 

The  detonating  cap  consists  of  a copper  capsule  containing  a 
quantity  of  fulminate  of  mercury  with  potassium  chloride  (in  the  pro- 
portions of  3 to  1 respectively),  and  of  a strength  depending  on  the 
class  or  grade  of  the  explosive  to  be  detonated.  The  diameter  of  the 
capsule  is  such  that  the  fuse  end  fits  into  it  snugly.  Then  by  means  * 
of  the  combined  fuse  cutter  and  crimping  tool  (a  variety  of  pincers) 
its  upper  end  is  then  squeezed  once  or  twice  on  to  the  contained  fuse, 
leaving  annular  dints  impressed  into  the  soft  copper  so  that  the  two 
are  bound  firmly  together.  In  electric  detonators  a piece  of  resistance 
wire,  usually  platinum,  is  embedded  in  the  fulminate  with  the  ends 
attached  to  copper  wires  leading  out  tlirough  a hard  plug  of  sulphur 
and  ground  glass  which  fills  the  capsule.  The  heating  of  the  resistance 
wire  by  the  electric  current  has  then  the  same  effect  as  the  spark 
from  the  fuse  causing  the  fulminate  to  explode,  the  violence  of  the 
shock  of  which  in  turn  sets  off  the  dynamite.  It  is  necessary  when 
firing  with  fuse  in  wet  holes  to  rub  axle  grease  or  other  heavy  grease 
around  the  top  of  the  cap  in  order  to  make  it  water  tight. 

The  violence  of  the  discharge  of  a loading  of  dynamite  depends 
directly  on  the  violence  of  the  detonation  of  the  primer,  and  there- 
fore great  care  should  be  exercised  in  the  proper  preparation  of  the 
latter.  The  correct  practice  is  to  open  one  end  of  the  cartridge 
paper,  and  with  a round  pointed  stick  of  wood  ot  no  larger  diameter 
than  the  caj)  to  gently  press  a hole  into  the  dynamite  to  a distance 
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just  a little  less  than  the  length  of  the  cap.  Insert  the  cap,  close  the 
paper  ends  in  again  and  tightly  bind  them  around  the  fuse  with  string. 
The  same,  method  will  be  followed  when  using  electric  detonators. 
It  is  of  the  greatest  importance,  in  order  to  realize  the  full  strength 
of  the  explosive,  to  have  the  cap  fit  accurately  into  the  hole  made  for 
it  since  any  air  space  of  even  the  smallest  fraction  of  an  inch  below  or 
around  it  will  serve  as  an  air  cushion  to  check  the  force  of  the  initial 
percussion,  on  which  as  above  noted  the  violence  of  the  explosion 
produced  directly  depends. 

When  the  drill  holes  have  been  cleaned  out  the  powder  man 
descends  with  his  load  to  charge.  The  holes  should  of  course  be  large 
enough  for  the  cartridges  to  slide  or  drop  in  without  pressure  ; but  at 
the  same  time  it  is  necessary  that  the  charge  closely  pack  the  hole  un- 
der the  pressure  of  the  tamping  rod.  For  this  purpose  the  cartridge 
paper  should  be  slit  from  end  to  end  with  a knife  or  more  safely  with 
a copper  blade.  After  the  sticks  of  the  charge  have  been  dropped  in 
one  by  one,  heavy  pressure  is  brought  to  bear  with  the  rammer  until 
they  are  packed  in  solid,  or  in  other  words  until  no  air  spaces  remain, 
and  then  the  primer  is  gently  inserted.  Do  not  ram  or  press  this, 
however,  but  drop  in  on  top  of  it  a depth  of  several  inches  of  tamping, 
consisting  of  any  damp  clayey  or  earthy  material  absolutely  free  from 
grit,  such  as  is  usually  kept  on  hand  in  the  mine,  and  then  gently 
pack.  Now^  add  mmre,  little  by  little,  each  time  pressing  harder  until 
— wfithout  ever  actually  ramming — the  hole  from  the  top  down  is  com- 
pactly plugged. 

The  ramming  rod,  rather  unfortunately  named  since  it  should 
never  be  used  to  ram  hut  merely  for  compressing,  is  best  made  out  of 
a young  sapling  or  otherwise  a long  piece  of  wood,  but  never  a metal 
of  any  kind. 

Presuming  that  the  charges  have  been  thus  carefully  placed,  the 
occurrence  of  a miss-fire  will  probably  cause  surprise  to  any  but 
the  long  experienced  in  blasting  operations.  Such  non-explosions 
are,  however,  unfortunately  all  too  common  and  as  often  as  not  the 
result  of  some  extraneous  circumstance  such  as  the  cutting  off  of  the 
fuse  or  the  top  of  the  hole  by  an  adjoining  charge  exploding  first. 
Whatever  the  cause,  they  do  in  fact,  either  directly  or  indirectly, 
result  in  probably  more  accidents  than  any  other  or  all  of  the  other 
operations  of  handling  dynamite,  and  nothing  but  the  greatest  care 
subsequently  will  overcome  the  attendant  perils.  Their  causes  are 
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too  rmmerous  and  deep  seated  to  allow  of  discussion  in  this  curtailed 
article,  besides  running  off  my  subject.  But  of  the  steps  to  be  taken 
after  one  is  warned  by  the  under-count  of  the  exploded  holes  that  one 
or  more  of  the  charges  has  not  gone  off,  I would  advise  first  of  all 
patience.  Donff  be  in  a hurry  to  have  a look  at  it,  to  arrive  maybe 
just  in  time  to  see  it  fly  and  then  probably  see  no  more — if  one  is 
lucky  enough  to  come  off  alive.  The  most  experienced  miners  will 
wait  an  hour  or  more  knowing  the  frequent  crankiness  of  the  best 
fuse,  which  may  hold  fire  in  a length  of  a few  inches  for  several  hours. 
and  then  suddenly  jump  into  the  cap.  When  a sufficient  time  has 
elapsed  return  and  loosen  the  fuse,  if  possible,  and  then  disappear 
once  more.  If  nothing  results  this  time  proceed  to  withdraw  the 
tamping  with  a copper  or  wooden  spoon — never  iron  or  steel — ^to 
within  a minimum  of  three  inches  of  the  charge,  and  then  re-charge 
on  top  of  this  with  several  more  sticks  and  another  primer  and  tamp- 
ing. This  will  usually  explode  the  whole.  If  it  transpire  that  the 
missed  hole  has  been  cut  off,  proceed  in  the  usual  way  to  prime  and 
fire  it;  but  under  no  circumstances  commence  mining  again  until  all 
of  the  round  of  shots  have  been  fired.  When  missed  holes  lie  buried 
beneath  a pile  of  rock,  as  in  a shaft  bottom  blast,  it  is  impossible,  until 
this  muck  has  been  raised,  to  get  at  the  holes  to  fire  them.  The 
particular  danger  in  this  case  lies  in  the  fact  that  frequently  some  of  ' 
the  dynamite  from  a cut  off  hole  will  be  scattered  amongst  the  rock 
where  it  is  liable  to  be  exploded  by  any  chance  blow  of  pick  or  shovel. 
Only  the  gentlest  handling  when  removing  the  rock  will  avoid  ac-^ 
cident. 

With  the  progress  of  underground  development  the  mine  work- 
ings will  in  time  be  so  greatly  extended  that  it  will  be  necessary  to. 
provide  an  underground  storage  place  for  the  dynamite.  For  this 
some  out-of-the-way  disused  drift  or  level  must  be  employed  where  a 
box  magazine  can  be  placed  at  a safe  distance  from  all  working  places 
to  hold  the  limited  supply  for  complete  consumption  in  one  or  two 
days.  The  Mines  Act  above  referred  to  deals  with  this  matter  con- 
cisely and  satisfactorily  in  section  80  (4),  which  reads  as  follows  : . 

No  powder,  dynamite  or  other  explosive  shall  be  stored  underground 
in  a working  mine  in  excess  of  a supply  for  forty-eight  hours,  and  in 
no  case  shall  more  than  100  pounds  be  so  stored  on  one  level.  It 
shall  be  kept  in  securely  covered  boxes,  and  located  in  otherwise  unused' 
parts  of  the  mine  never  less  than  10  feet  from  lines  of  underground 
traffic,  nor  less  than  150  feet  from  places  where  drilling  and  blasting^ 
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are  carried  on,  and  the  temperature  of  snch  place  shall  never  be  less 
than  60  degrees  F.  nor  more  than  125  degrees  F/^ 

- Although  there  is  no  law  in  this  Province  stating  whether  or 
not  dynamite  shall  be  taken  into  a mine  frozen  to  be  thawed  there, 
my  own  opinion  is  that  this  practice  should  never  under  any  circum- 
stances be  adopted.  At  some  of  the  large  mines  reasons  in  favor  of 
it  will  be  urged,  the  chief  of  which  will  be  greater  convenience;  but 
on  looking  into  the  matter  in  no  case  have  I found  any  advantage 
derivable  over  the  practice  of  first  thawing  on  the  surface.  The 
danger  lies  not  particularly  in  the  operation  of  the  thawing,  but  in 
the  calamitous  results  to  the  encaged  miners  which  would  follow  an 
explosion.  Also  on  account  of  the  litter  in  the  workings  the  cases 
should  never  be  taken  below  ground  unopened,  but  first  opened  in  the 
thaw  house  on  the  surface,  the  cartridges  removed  from  and  wiped 
clean  of  the  sawdust  packing,  thawed,  and  then  replaced  in  the 
cleaned  case  to  he  taken  down  to  the  box  or  magazine  underground, 
where  in  the  prevailing  warm  temperature  the  dynamite  will  remain 
thawed. 

This  box  magazine  should  he  fitted  with  a lid  and  kept  locked  by 
the  powder  man  or  shift  boss,  who  is  also  held  responsible  for  its 
proper  condition  and  for  the  distribution  of  the  supply.  The  clause 
in  the  Act  which  fixes  the  maximum  quantity  to  he  stored  at  any  one 
time  in  such  a place  at  enough  for  not  more  than  48  hours,  is  inserted 
to  prevent  the  deterioration  of  the  dynamite,  which  would  occur 
should  it  remain  in  these  unavoidably  damp  places  for  longer  than 
that  safe  period. 

Nothing  but  dynamite  should  be  kept  in  these  boxes,  while  all 
articles  of  steel  or  iron,  or  fuse,  caps  and  electric  detonators  should 
be  removed  to  a safe  distance,  not  less  than  50  feet  for  the  latter 
materials  (fuse  and  detonating  caps),  and  for  these  a separate  covered 
box  provided.  It  is  necessary  to  exercise  care  here  as  well  as  on  the 
surface  in  guarding  against  the  approach  to  the  dynamite  of  anything 
containing  fire,  such  as  candles  or  pipes. 

In  purchasing  supplies  of  dynamite  one  cannot  be  too  careful  to 
thoroughly  investigate  its  quality  immediately  on  arrival  and,  if  this 
be  found  bad,  to  at  once  notify  the  powder  company  or  the  agent  from 
whom  it  was  obtained,  and  then  destroy  it.  Under  no  circumstances 
either  use  any  of  it  or  return  it,  for  bad  dynamite  is  fit  for  nothing, 
while  great  risk  attends  its  handling.  Take  the  faulty  explosive  to 
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a safe  and  distant  spot  and  string  out  the  cartridges  end  to  end  in  a 
very  wide  spiral,  or,  if  there  are  only  a few,  straight  away,  and  pour 
paraffine  oil  or  kerosene  over  the  entire  train,  when  on  igniting  the 
end  with  an  ordinary  fuse,  of  course  not  using  the  cap,  it  will  slowly 
and  safely  burn  away. 

In  the  face  of  the  number  of  accidents  which  have  occurred 
recently  in  this  Province  by  the  use  of  old,  deteriorated  dynamite 
and  other  similar  explosives  containing  nitrates,  I would  like  to  put 
on  record  here  the  suggestion  that  every  case  of  the  explosive  have 
marked  on  it  at  the  time  of  packing,  and  in  hold  letters,  the  date  on 
which  it  was  manufactured.  By  this  means  the  consumer  will  be 
enabled  to  gauge  the  quality  of  what  he  is  getting,  and  will  be  fore- 
warned against  purchasing  any  dynamite  over  say  a year  old,  and 
particularly  against  second-hand  supplies,  which,  it  is  a safe  rule  to 
follow,  should  be  left  strictly  alone. 

In  this  connection  a valuable  service  could  be  performed  by  the 
Government,  which  would  indeed  be  the  natural  sequence  of  the 
existing  laws  enforcing  safe  practices  of  mining,  if  one  of  the 
Departments,  possibly  that  of  Mining  or  of  the  Inland  Eevenue,  were 
empowered  or  required  to  occasionally  check  up  the  quality  of  the 
explosives  at  the  mines  and  at  the  powder  factories  by  taking  samples 
for  analysis,  just  as  is  now  done  by  the  Inland  Eevenue  Department 
with  other  products  of  home  manufacture.  Such  an  enactment  might 
be  included  in  the  mining  laws  or  in  the  regulations  of  the  Inland 
Eevenue,  to  be  carried  into  effect  by  the  Inspectors  of  either  branch 
of  government.  The  beneficial  results  would  lie  in  the  improved 
duality  and  correct  strengths  of  the  explosives  turned  out  by  the 
manufacturer,  and  in  the  gradual  cessation  or  ultimate  end  put  to  the 
purchase  and  use  of  inferior  or  deteriorated  stock ; in  the  former  case 
by  the  realization  that  the  output  of  each  factory  was  kept  under  close 
official  surveillance,  and  in  the  latter  case,  that  of  the  consumer,  by 
the  compulsory  immediate  destruction  of  any  condemned  explosives 
on  hand.  Complaints  about  the  under-strength  of  occasional  lots  of 
dynamite  would  then  be  less  frequently,  or  not  at  all  heard,  while  the 
miner  or  other  consumer  would  in  time  accept  no  explosive  without 
a guarantee  and  his  own  personal  inspection  into  its  good  quality. 
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J.  C.  Gardner,  ^03. 


Before  commencing  the  description  of  the  erection  of  the  Niagara 
Eaihvay  Arch,  it  may  not  be  amiss  to  give  a short  history  of  the 
structures  which  heretofore  have  occupied  the  site  of  the  present 
bridge.  Each  of  these  old  bridges  has,  in  its  day,  presented  new  and 
striking  features,  each  marking  a distinct  advance  in  American  en- 
gineering. 

In  the  year  1844,  the  Hon.  Wm.  Hamilton  Merritt  of  St.  Cath- 
arines, Ont.,  foresaw  the  probable  demand  for  a railroad  bridge  at 
this  point,  and  in  1846  he  succeeded  in  obtaining  charters  from  the 
Canadian  and  American  government,  for  the  erection  of  the  first 
bridge  across  the  Niagara  gorge.  The  site  which  he  chose  for  the 
bridge  was  at  a point  about  two  and  one-half  miles  below  the  well 
known  Horseshoe  falls,  where  the  distance  from  cliff  to  cliff  is  a 
minimum ; it  is  here  that  the  Whirlpool  rapids  begin. 

The  earliest  means  of  crossing  the  gorge  was  by  means  of  a light 
iron  carriage  or  cage,  which  ran  on  a cable  composed  of  thirty- six 
No.  9 wires.  The  charge  for  transportation  over  and  back  was  one 
dollar  for  each  person,  and  some  days  as  much  as  $125.00  was  taken. 
The  basket  or  cage  is  now  in  the  possession  of  the  Buffalo  Hirdorical 
Society.  This  cableway  was  used  for  about  a year,  and  was  sub- 
sequently used  in  the  construction  of  the  first  suspension  bridge  at 
7his  point,  known  as  the  Ellet  bridge,  from  the  name  of  the  builders. 

The  Ellet  bridge  was  completed  in  1848.  Its  towers  were  of 
wood,  and  it  was  without  a stiffening  truss;  this,  of  course,  was  not 
a railway  bridge. 

The  next  bridge  to  occupy  this  site  was  the  famous  Niairara 
Eailway  Suspension  bridge,  the  first  of  the  kind  ever  built.  This 
bridge  was  designed  and  built  by  the  late  John  A.  Eobeling,  A.M. 
Soc.  C.  E.  The  stiffening  truss  was  of  wood  and  was  suspended  from 
four  cables  10 J"  in  diameter,  composed  of  14,560  No.  9 wires,  and 
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mckided  the  cables  of  the  first  Ellet  bridge.  Each  cable  consisted 
essentially  of  a bundle  of  wires  laid  parallel  and  bound  together  by  a 
wire  wound  spirally  around  the  outside.  The  ultimate  tensile 
strength  of  the  four  cables  was  12,400  tons. 

When  these  cables  were  removed  after  42  years  of  service  the 
wires  were  found  to  be  in  as  good  condition  as  when  first  placed  in 
position. 

In  1880  the  wooden  truss  was  replaced  by  one  of  metal,  and  in 
1886  it  was  deemed  expedient,  owing  to  the  crumbling  of  pieces  of 
the  masonry,  to  replace  the  old  stone  towers  with  towers  of  iron. 
The  disintegration  of  the  stone  towers  was  due  both  to  the  inferior 
quality  of  the  stone  and  to  the  fact  that  the  rollers  under  the  cable 
saddles  had  become  so  clogged  with  rust  and  cement  that  they  were 
immovable.  This  latter  condition  caused  a rocking  of  the  towers 
under  a moving  load  and  changes  of  temperature,  and  greatly  acceler- 
ated the  disintegration  of  the  masonry.  The  substitution  of  the 
metal  for  the  stone  towers  completed  the  work  of  reconstruction  of 
the  Eailway  Suspension  bridge.  Nothing  of  the  original  structure 
now  remained  except  the  cables,  saddles,  suspenders  and  anchorages. 
This  work  of  renewal  was  designed  and  executed  by  Mr.  L,  L.  Buck, 
M.  Am.  Soc.  C.  E.,  who  was  later  chief  engineer  of  the  Eailway  Arch 
bridge. 

On  account  of  the  ever  increasing  demand  for  better  railway 
facilities  at  this  point  it  was  decided  by  the  company  to  replace  the 
single  tracked  suspension  bridge  by  a double  tracked  arch  bridge. 
This  change  was  made  in  the  year  1896-7,  without  interfering  with 
the  running  of  trains  across  the  bridge.  The  manner  in  which  this 
change  was  brought  about  is  the  subject  of  this  paper. 

The  kliagara  Eailway  arch  is  technically  known  as  a two-hinged 
spandrel  braced  arch.  This  bridge,  though  not  the  longest  single 
arch  span  in  existence,  is  the  heaviest  of  its  kind,  its  total  weight 
being  about  3,000  tons.  It  has  two  fioors,  the  upper  one  carrying  the 
railway  and  the  lower  the  highway  and  sidewalks. 

The  bridge  is  designed  to  carry  on  each  railroad  track  a load  of 
two  locomotives,  with  four  pairs  of  drivers,  40,000  lbs  on  each  pair, 
followed  by  a train  of  3,500  lbs.  per  foot,  that  is  a live  load  of  7,000 
lbs.  per  lineal  foot  on  the  upper  floor.  In  addition  to  this  it  is  designed 
to  carry  a live  load  of  3,000  lbs.  per  lineal  foot  on  the  lower  floor. 
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making  in  all  a live  load  of  10,000  lbs.  per  running  foot.  It  will  be 
seen  that  the  whole  forms  an  unusually  heavy  load. 

The  main  span  of  the  bridge  is  formed  by  an  arch  with  hori- 
zontal upper  chord.  This  is  connected  to  the  top  of  the  bluff  by  means 
of  trussed  spans.  The  length  of  the  arch  is  550  ft.,  and  that  of  the 
end  spans  115  ft.  The  arch  is  hinged  at  the  skewbacks.  The  distance 
from  the  centre  of  the  skewbacks  to  the  top  chord  is  134  ft.,  while 
the  centre  of  the  rib  at  the  crown  is  114  ft.,  above  the  skewback. 
Each  truss  has  a batter  of  1 horizontal  to  10  vertical.  The  width 
between  the  centres  of  the  top  chord  is  30  ft.,  and  between  the  centres 
of  the  rib  at  the  crown  of  the  arch  is  56  ft.  If". 

The  outer  end  of  the  shore  span  is  connected  to  the  arch  by  a 
pin  at  the  point  of  intersection  of  the  end  posts  and  top  chord  of  the 
arch,  while  the  shore  end  rests  on  expansion  rollers  on  masonry  abut- 
ments. The  hinge  at  the  skewback  of  the  arch  is  of  an  uncommon 
design.  A steel  casting  in  the  form  of  a quadrant  of  a cylinder  is 
bolted  to  the  end  of  the  ribs.  A second  casting  is  bolted  to  the 
masonry,  the  lower  casting  having  a concave  bearing  surface  of  6", 
greater  radius  than  that  of  the  upper. 

The  axis  of  the  cylindrical  bearing  surface  is  j)erpendicular  to 
a \ ertical  axial  plane  of  the  bridge  and  passes  through  the  centre  of 
movement  of  the  hinges.  Between  these  two  castings  is  a set  of  steel 
rollers  formed  by  taking  bars  of  steel,  having  a section  If"  x 6J",  and 
turning  them  to  a radius  of  3",  on  the  edges.  These  rollers  are  set 
radially  with  respect  to  the  centre  of  movement.  This  form  of  bear- 
ing reduces  frictional  resistance  in  much  the  same  way  as  with  ball 
bearings.  As  the  rollers  are  easily  accessible  and  can  be  cleaned 
readily  there  is  no  danger  of  them  becoming  ineffective  from  rust. 

The  eyebars  connecting  the  rib  directly  with  the  lower  casting 
were  used  to  prevent  any  possible  displacement  of  the  upper  casting 
during  erection.  Between  the  lower  casting  and  the  masonry  a rust 
joint  was  made,  that  is,  a mixture  of  32  parts  by  weight  of  cast  iron 
fillings  to  1 part  of  salamoniac  was  put  in  between  the  metal  and  the 
stone  and  very  thoroughly  rammed. 

In  locating  the  skewbacks  (or  abutments)  of  the  arch  span  an 
endeavour  was  made  to  so  place  them  that  the  thrust  of  the  arch 
would  be  brought  to  bear  upon  the  Clinton  limestone  ledge,  which 
is  at  this  point  about  half  way  between  the  water  and  the  top  of  the 
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cliff,  and  is  from  12  ft.  to  14  ft.  thick.  Above  this  ledge  is  a blneish 
grey  shale,  and  below  red  inedina  shale  running  into  medina  sand- 
stone near  the  water.  The  skewbacks  on  the  New  York  side  were 
made  to  come  very  fairly  on  the  Clinton  ledge ; here  the  natural  rock 
was  cut  at  the  proper  angle  to  receive  the  masonry  directly.  But  on 
the  Ontario  side  the  conditions  were  not  so  favorable,  and  a bed  of 
concrete  had  to  he  used  under  the  front  of  the  south  skewback,  and 
under  the  entire  north  skewback.  The  sand  and  broken  stone  used  in 
this  concrete  was  deposited  between  the  abutments,  in  a jmsition  con- 
venient for  mixing  and  placing,  by  means  of  a wooden  box  chute 


Fig.  1.— Showing  the  Abutments. 


145  ft.  long,  suspended  from  the  floor  of  the  suspension  bridge  and 
reaching  within  a few  feet  of  the  mixing  platform ; at  about  the  same 
point  the  cement  was  lowered  in  bags. 

The  abutments,  flg.  1,  are  built  of  limestone  with  granite  cop- 
ings (dimension  stone  being  used  exclusively),  all  strongly  bonded 
together.  By  means  of  a derrick  located  on  the  north  side  of  the 
bridge  the  large  blocks  of  stone  were  lowered  down  the  vertical  face 
of  the  cliff  on  to  a wooded  trough  or  chute,  down  which  they  were 
allowed  to  slowly  slide  to  the  level  of  the  abutments,  where  they  were 
picked  up  by  a second  derrick  and  placed  in  position.  The  maximum 
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loads  per  sq.  in.  on  the  masonry  are:  on  the  top  of  the  coping  339 
lbs.,  under  the  coping  300  lbs.,  and  on  the  concrete  113  lbs.  The 
stone  in  the  American  abutments  is  from  Cham  out,  Jefferson  Co., 
N.Y.,  and  that  in  the  Canadian  abutments  from  Queenston,  Ont. 

After  the  completion  of  the  masonry,  the  Pennsylvania  Steel 
Company,  who  were  the  contractors  for  the  building  of  the  bridge, 
began  operations.  They  first  constructed  timber  falsework  or  scaf- 
folding, fig.  2,  on  which  to  rest  the  end  spans  during  erection.  The 
usual  method  of  erecting  an  arch  by  means  of  scaffolding  upon  which 
the  structure  rests  during  erection  could  not  be  employed  in  this 
case,  on  account  of  there  being  a 20  mile  current  about  100  feet 
deep  in  the  river  at  this  point.  The  non-interruption  of  traffic  was 
another  consideration  which  made  the  work  of  erection  still  more 
difficult. 

The  principle  of  erection  carried  out  was  to  build  out  the  two 
halves  of  the  arch  as  cantilevers,  each  being  anchored  to  the  solid 
rock  on  top  of  the  cliff,  by  means  of  adjustable  anchor  chains  con- 
nected with  the  arch  at  the  top  of  the  end  posts.  These  anchor  chains 
were  constructed  from  the  materials  that  were  afteiuvards  placed  in 
the  end  spans,  with  such  additional  eyebars  as  were  necessary  to  com- 
plete the  connection. 

Anchor  pits  3 ft.  x.  6 ft.  in  section,  and  20  ft.  deep,  were  cut 
in  the  solid  rock,  about  180  ft.  back  from  the  face  of  the  cliff.  At 
the  bottom  of  these  pits  the  rock  was  excavated  so  as  to  form  a cham- 
ber of  sufficient  size  to  admit  the  placing  of  the  anchors.  After  the 
anchors  and  the  first  two  sections  of  the  anchor  chains  were  in  posi- 
tion the  pits  were  filled  with  concrete  to  the  level  of  the  top  of  the 
rock.  The  direction  of  the  anchor  chains  was  then  brought  from  the 
vertical  to  the  horizontal  position  by  means  of  a spider,^^  shown  in 
fig.  3,  which  also  gives  the  details  of  the  adjusting  toggle.  The  dia- 
gonal piece  is  a steel  screw  8^"  in  diameter  and  18  ft.  long.  The 
thread  on  one  half  is  right-handed,  and  on  the  other  half  left-handed, 
so  that  when  the  screw  is  turned  by  means  of  capstan  bars  which  fit 
into  the  casting  at  the  lower  end  of  the  screw,  the  nuts  on  the  screw 
would  move  to  or  from  the  centre  depending  on  the  direction  of  the 
turning  motion.  By  means  of  this  device  the  half  span  of  the  arch 
could  be  raised  or  lowered  by  19  men  working  each  screw.  This 
slide  shows  the  position  of  the  toggle  during  the  erection  of  the  arch, 
with  the  eyebars  spread  widely  apart. 
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Fig.  .3.— Spidkh  and  TiGjlk. 
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Travellers  built  entirely  of  metal,  were  used  in  placing  the  var- 
ious members  of  the  new  bridge  in  position.  See  fig.  4.  They 
rested  on  the  top  chord  of  the  arch  and  were  operated  by  two 
engines,  located  in  the  towers  of  the  old  bridge.  These  travellers 
were  necessarily  of  a somewhat  peculiar  design  in  order  that  they 
might  clear  the  cables  of  the  old  bridge,  and  also  allow  trains  to  pass 
underneath ; the  heaviest  piece  handled  by  the  travellers  was  the  first 
section  of  the  lower  chord  or  rib  which  weighed  33  tons,  but  their 
capacity  was  considerably  greater.  They  were  erected  on  the  outer 
bents  of  the  falsework,  one  on  each  side  of  the  river,  and  from  this 
l^osition  handled  the  skewback  castings  and  the  various  members  of 
the  first  panel  of  the  arch. 

The  first  section  of  the  rib  rested  on  light  falsework  until  the 
end  posts  and  braces  of  the  first  panel  were  erected.  After  the  com- 
pletion of  the  first  panel  the  arch  span  was  connected  with  the 
anchorages  by  the  driving  of  a pin  at  the  top  of  the  end  posts.  The 
panel  was  then  given  its  right  inclination  by  means  of  the  adjusting 
toggle. 

The  travellers  were  then  moved  forward  on  the  first  panel  of  the 
arch,  and  in  this  position  handled  the  materials  going  into  the  second 
panel;  this  operation  was  repeated  for  each  of  the  eight  panels,  the 
work  being  carried  on  simultaneously  on  both  sides  of  the  river. 

Two  tracks,  over  which  material  was  conveyed  to  the  traveller, 
were  used,  one  on  each  side  of  the  bridge.  These  tracks  rested  on  the 
falsework  as  far  out  as  the  end  post  of  the  arch  span,  and  from  there 
out  to  the  centres  they  were  carried  by  the  track  stringers  belonging 
to  the  railway  fioor,  the  stringers  resting  on  the  sidewalk  brackets. 
These  stringers  were  always  placed  at  their  proper  panels,  ready  for 
raising  into  their  final  position  when  the  raihvay  floor  should  be 
put  in. 

In  this  manner  the  work  of  erection  was  carried  on  toward  the 
centre  as  shown  in  fig.  5.  After  the  eighth  or  last  panel  of  each  half 
arch  had  been  erected  there  remained  an  opening  at  the  centre  of  8", 
each  half  arch  having  been  tilted  back  for  the  purpose  of  securing 
the  clearance  necessary  for  the  placing  of  the  last  panel.  As  soon 
as  the  panels  were  in  position,  the  screw  of  the  four  adjusting  toggles 
were  slowly  turned  at  a uniform  rate  allowing  the  whole  mass  of 
steel  to  tilt  outward  until  the  t^vo  lialf  arches  met  in  the  centre,  thus 
relieving  the  anchorages  of  all  strain.  The  anchor  chains  and!  toggles 


ERECTION  OF  THE  NIAGARA  RAILWAY  ARCH. 


135 


Fig.  4.— Showing  one  of  the  Travelleks. 


Fig.  5.  -Pahtiai.lv  Kinlshed  Bridge. 
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A\ere  then  taken  to  pieces  and  the  parts  placed  in  the  end  spans. 
Theoretically,  when  the  two  half  arches  were  lowered  together  the  top 
chords  should  have  met  first,  and  then  as  the  stress  in  these  changed 
from  tension  to  compression  the  lower  chords  should  have  met.  But 
tills  is  not  what  actually  happened;  the  lower  ribs  met  first  and  when 
the  anchorages  had  been  entirely  relieved  of  all  strain,  there  still  re- 
mained an  opening  of  between  the  ends  of  the  top  chords.  Under 
such  conditions  there  could  be  no  compression  in  the  top  chord, 
whereas  there  should  have  been  350  tons. 

This  failure  to  close  was  probably  due  to  the  fact  that  none  of 
the  joints  were  riveted  up  at  this  time,  almost  all  holes  being  filled 
with  drift  pins  and  bolts.  Each  connection  gave  a little;  the  braces 
being  in  tension  pulled  slightly  out  of  position,  and  the  total  move- 
ment amounted  to  considerable  when  the  middle  of  the  span  was 
reached.  When,  however,  certain  of  the  drift  pins  and  bolts  were 
removed  from  the  rib  joints,  so  that  their  bearing  faces  came  to- 
gether, the  opening  at  the  centre  was  reduced  to 

In  order  to  secure  the  required  amount  of  compression  in  the 
top  chord,  it  now  became  necessary  to  force  it  further  apart  at  the 
centre  and  insert  a shim.  To  do  this  a compression  toggle  was  used. 
This  toggle  was  improvised  largely  from  the  material  on  the  ground. 
By  turning  one  nut  the  toggle  was  compressed  on  both  sides,  and 
with  a given  pull  on  the  wrench,  and  by  a careful  estimate  of  fric- 
tion, the  required  pressure  could  be  very  closely  obtained.  In  this 
manner  the  top  chords  were  forced  apart  a distance  of  1",  and  a shim 
corresponding  to  the  cross  section  of  the  chord  and  1"  thick  was  in- 
serted. The  required  compression  having  thus  been  put  into  the 
chord,  the  compression  toggle  was,  of  course,  removed. 

The  next  step  was  the  removal  of  the  old  Eailway  Suspension 
bridge.  During  the  erection  of  each  half  arch,  the  lower  floor  system 
had  been  put  in  along  with  the  truss,  but  it  was  dropped  below  its 
final  position  for  the  purpose  of  allowing  sufficient  clearance  between 
it  and  the  old  bridge,  in  order  that  there  would  be  no  possibility  of 
the  weight  of  the  old  structure  coming  upon  the  new,  and  thereby 
putting  an  unnecessary  strain  upon  the  anchorages.  (Under  extreme 
temperatures  and  load  the  deflection  of  the  old  suspension  bridge  was 
about  2 ft.  6 in. ) . This  floor  system  was  now  raised  to  its  final  posi- 
tion. Timbers  were  laid  crosswise  on  top  of  the  roadway  stringers, 
and  at  a given  time  the  stiffening  truss  was  blocked  up  for  its  entire 
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length  on  the  new  work.  The  snspenders  were  then  slacked  off  and 
removed^  and  the  cables  lowered  down,  one  strand  at  a time  on  to  the 
bridge  where  they  were  cut  up  for  scrap.  It  is  interesting  to  note 
that  when  the  strands  were  cut  into  short  lengths,  they  coiled  up 
showing  that  they  still  retained  the  set  given  them  by  the  reels  on 
which  they  were  originally  coiled,  and  that  they  had  not  been  over- 
strained. 

The  cables  having  been  removed  the  upper  or  railway  floor  was 
put  in,  this  required  the  removal  of  the  railway  floor  and  the  top 
chords  of  the  old  bridge.  To  do  this  the  old  floor  system  was  cut 
into  lengths  conforming  as  closely  as  possible  to  the  panel  lengths  of 
the  new  bridge,  the  new  floor  system  for  each  panel  was  then  placed 
in  position  as  each  section  of  the  old  bridge  was  taken  out. 

The  changing  of  the  floor  systems  began  at  the  middle,  and 
after  the  first  day,  when  only  one  panel  was  placed,  two  panels  a day 
were  put  in  until  all  were  in  place.  Two  hours  were  allowed  each 
day  for  this  work,  the  time  of  day  being  chosen  when  there  were 
fewest  trains,  and  the  work  was  always  done  within  the  time  limit. 
In  making  this  change  the  same  track  alignment  was  preserved  and 
the  same  rails  and  ties  were  temporarily  used  on  the  new  floor  beams 
and  stringers  as  were  used  on  the  old  bridge.  When  the  shore  ends 
of  the  end  spans  were  reached  the  towers  were  taken  down,  a high  gin 
pole  being  used  to  remove  the  upper  sections,  and  the  traveller  to  re- 
move the  lower  sections. 

After  the  towers  had  been  taken  down  the  new  plate  girder  ap- 
proach spans  were  erected.  Here  the  maintenance  of  traffic  was  more 
difficult  than  on  the  main  span  on  account  of  the  switches  to  be 
taken  care  of,  but  the  whole  work  was  completed  without  a single 
mishap  and  without  the  interruption  of  traffic. 

On  July  29th,  1897,  the  bridge  w^as  completed,  and  ready  for 
testing.  On  account  of  the  difficulty  of  securing  the  full  load  of 
10,000  lbs.  per  lin.  foot,  it  was  decided  to  make  up  two  test  trains 
as  heavy  as  could  be  made  from  the  cars  and  locomotives  at  hand. 
Each  train  consisted  of  two  heavy  Lehigh  ^^pushers,^^  five  of  the 
heaviest  Grand  Trunk  locomotives  available,  and  nine  30  ton  capacity 
coal  cars.  The  cars  were  loaded  with  coal,  and  had  as  many  rails 
piled  on  top  as  was  safe  for  the  cars  to  carry.  All  together  the  upper 
floor  carried  II  locomotives  and  18  of  these  heavily  loaded  coal  cars. 
Besides  tins  some  loading  was  placed  on  the  lower  floor,  but  chiefly 
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on  the  end  spans.  The  total  load  thus  obtained  was  6,500  lbs.  per 
lin.  ft.  See  tig.  6. 

^^Theoretically,  under  a load  of  6,500  lbs.  per  lineal  foot,  the 
deflection  should  have  been  1 7-16"  instead  of  13-16",  as  was  actually 
obtained.  The  difference  f"  is  proportionally  considerable,  but  the 
actual  amount  of  deflection  is  too  small  and  existing  conditions  too 
far  removed  from  those  necessarily  assumed  in  theoretical  treatment, 
to  use  the  deflection  as  a close  check  on  the  stresses.  After  removal 
of  the  load  the  arch  recovered  exactly  the  same  camber  as  it  had  before 


, \ 


Fig.  6. — Finished  and  Carrying  the  Test  Load. 


the  load  was  applied.  The  degree  of  stiffness  obtained  in  this  bridge 
is  probably  greater  than  that  of  any  other  bridge  of  equal  span. 
Vibrations  due  to  trains  passing  over  at  a rate  of  20  miles  per  hour, 
are  scarcely  noticeable,  while  the  generally  irresistible  jog  trot  of  a 
horse  seldom  produces  a responsive  swing. 

In  conclusion: — Ground  was  broken  April  9th,  1896,  and  all 
work  was  completed  August  27t]i,  1897,  six  months  having  been  taken 
in  building  the  foundations,  and  10  months  in  erecting  the  bridge. 


The  writer  is  indebted  tG  Mr.  R.  S.  Buck,  resident  engineer,  for  the  use  of  his  notes 
on  the  subject. 


A GRAPHICAL  METHOD  FOR  COMPUTING  HAUL  AND  OVER- 
HAUL. 


Stanislas  Gagne^  ^01. 


One  of  the  methods  for  economy  in  railway  construction  is  to  cut 
sufficiently  in  the  high  places  to  give  material  to  fill  the  low  places. 
This  material  has  necessarily  to  he  hauled  a certain  distance  to  fill 
those  low  places^  and  the  aim  of  this  paper  is  to  describe  a graphical 
method  by  which  the  amount  of  material  thus  hauled  and  the  dis- 
tance through  which  it  is  hauled  may  be  determined. 

The  method  usually  referred  to  in  text-books  is  the  centre  of 
gravity  method  with  which  most  of  you  are  acquainted^  but  you  have^ 
perhaps^  felt  sometimes^  like  myself,  that  it  is  rather  long  and 
tedious. 

It  must  be  remembered  that  any  method  for  calculations  of  earth 
work  gives,  at  best,  comparatively  approximate  results,  accuracy  be- 
ing practically  impossible  on  account  of  the  unevenness  of  the  ground 
and  the  roughness  of  the  work ; but  the  errors  due  to  these  things  tend 
to  compensate  one  another  if  reasonable  care  has  been  exercised  in 
taking  the  cross  section  levels. 

To  describe  this  graphical  method  the  writer  takes  a case  which 
actually  occurred  on  the  construction  of  the  V.  V.  & E.  Ey.  yards  at 
Grand  Forks,  B.C.  The  assistant  engineer  was  required  to  give  the 
number  of  cubic  yards  hauled  up  to  300  feet,  called  the  300-ft.  haul, 
the  number  hauled  from  300  to  1,000  feet,  called  the  1,000-ft.  haul, 
and  the  number  of  cubic  yards  of  overhaul,  the  meaning  of  which  will 
be  understood  later. 

For  this  overhaul  it  was  assumed  that  material  hauled  over  1,800 
feet  counted  as  being  hauled  1,900  feet,  and  similarly  for  every 
hundred  feet. 
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j Stations 
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Totals 

to 

Each  Sta. 
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method  for  computing  haul  and  overhaul. 


From  the  cross-section  book  we  have  the  quantities  as  given  be- 
low^ i.e.,  the  number  of  cubic  yards  of  excavation  and  embankment 
between  each  cross-section. 

From  table  'No.  1 we  see  that  we  change  from  a cut  to  a fill 
between  station  574-j-50  and  station  let  us  assume  that  it  is 

at  station  574-|-60. 

From  that  point  we  sum  the  cubic  yards  of  excavation  up  to  each 
station  or  fraction  of  it  and  similarly  down  for  the  embankment, 
leaving  out  11  cubic  yards  of  excavation  between  stations  577+35 
and  580+40,  which  we  will  add  to  the  300-ft.  haul  quantity. 

Then  we  take  a piece  of  cross-section  paper  as  usually  supplied 
by  railway  companies  to  their  engineers,  and  plot  on  it  the  required 
diagram  as  here  shown. 

Before  being  reduced,  this  drawing  was  as  follows.  The  heavy 
section  lines  were  one-half  inch  apart,  and  the  scales  thus : — 

Horizontal : 1 in.  = 200  ft. 

Vertical : 1 in.  = 200  cub.  yards. 

and  these  scales  are  usually  found  accurate  enough  for  practical 
purposes. 

After  having  numbered  the  necessary  stations  we  plot  the  point 
A on  the  diagram,  which  represents  neither  cut  nor  fill  at  station 
574+60  as  seen  before.  Then  we  plot  the  points  B,  C,  D,  . . . 

etc.,  by  finding  the  distance  corresponding  to  the  total  number  of 
cubic  yards  from  A up  to  any  station,  on  the  vertical  line  repre- 
senting that  station,  and  similarly  for  the  embankment  side,  that 
is,  for  the  points  K,  L,  M,  . . .,  etc.,  using  the  figures  of  the  totals 

column  in  the  table. 

It  will  be  noticed  that  the  total  at  station  580+40  is  the  same  as 
for  station  577+35,  because  the  piece  of  ground  between  those  two 
stations  is  practically  at  grade  and  the  11  cubic  yards  of  excavation 
are  counted  in  the  300  feet  haul. 

The  diagram  is  then  completed  by  drawing  straight  lines  be- 
tween these  points. 

We  will  now  proceed  to  find  the  distances  required.  We  take  a 
scale  or  rule  graduated  in  half  inches  and  find  the  points  where 
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both  lines  of  the  diagram  are  horizontally  300,  1,000,  1,100,  1,200, 
etc.,  feet  apart  and  join  these  horizontal  ^Doints.  Then  the  distance 
between  any  two  of  these  horizontal  lines  gives  the  number  of  cnbic 
yards  that  are  hanled  from  one  even  hundred  feet  distance  to  another. 

Tor  example,  points  Y and  Z,  and  W and  X on  the  diagram  are 
1,600  feet  and  1,100  feet  apart  respectively  to  the  assumed  scale,  and 
the  distance  betwen  lines  YZ  and  WX  represents  330  cnbic  yards; 
therefore  330  cnbic  yards  have  been  hanled  from  1,600  feet  to  1,100 
feet,  this  being  evident  from  the  constrnction  of  the  diagram. 

After  having  fonnd  these  different  distances  and  the  number  of 
cnbic  yards  between  them  as  seen  in  the  diagram,  we  have  the  fol- 
lowing results: 


RESULTS. 

180  + 11  cub.  yds.  of  300  ft.  Haul 
514  cub.  yds.  of  1000  ft.  Haul 
Overhaul. 


26 

cubic  yards 
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f C 
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c; 
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(C 
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iC 
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a 
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rr 

2310 
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a 

X 8 

= 

2800 
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(4 

X 9 

z=: 

3150 

330 

X 10 

r= 

3300 

3i0 

(C 

(C 

X 11 

= 

3410 

280 

a 

4. 

xl2 

= 

3360 

120 

iC 

44 

xl3 

1560 

39 

a 

xl4 

= 

546 

4139 

Total  = 

25917 

Summing  up  we  have 

191  cub.  yds.  of  300  ft.  Haul 
514  “ “ 1000  ‘‘  ‘‘ 

25917  “ “ Overhaul. 

The  contractor  is  paid  a certain  price  per  cnbic  yard  per 
hundred  feet  haul  over  one  thousand  feet,  called  cnbic  yards  of 
overhanl,^^  remembering  again  that  the  number  of  cnbic  yards  be- 
tween say  1,100  and  1,800  feet  are  counted  as  being  hanled  1,800 
feet,  and  similarly  for  all  other  distances  over  1,000  feet. 
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If  correct  overhaul  is  required  we  only  have  to  multiply  the 
number  of  cubic  yards  between  each  of  the  distances  by  the  average 
of  these  distances;  for  example,  260  cubic  yards  between  1,400  and 
1,500  feet  would  be  multiplied  by  4.5,  instead  of  5 ; or  for  1,050,  1,150, 
1,250,  1,350,  etc.,  feet  of  horizontal  distance,  multiply  the  numbers 
of  cubic  yards  between  them  by  .25,  1,  2,  3,  etc.,  respectively. 

With  a little  study  of  this  diagram  it  will  be  readily  seen  that 
many  variations,  such  as  when  the  material  is  borrowed  or  wasted, 
may  be  easily  worked  out  in  a short  time. 

This  method  affords  a check  towards  the  end  of  the  operation  on 
the  accuracy  of  the  previous  part,  thus:  In  the  table  of  results  the 
sum  of  the  number  of  cubic  yards  between  every  pair  of  horizontal 
distances  should  equal  the  total  amount  of  material  removed,  i.e.,  in 
our  case  4,139-f-ll. 

There  are  several  other  methods  for  arriving  at  these  results, 
but  this  one  seems  to  the  writer  as  simple  and  short  as  any. 

For  many  problems  in  practice  engineers  devise  such  graphical 
methods,  and  as  a general  rule  they  save  much  valuable  time. 

After  preparing  the  above,  the  writer  found  that  eleven  years  ago  a 
similar  method  of  computing  overhaul  was  described  before  this  Society.  How- 
ever, as  old  numbers  of  the  proceedings  are  difficult  to  obtain,  it  was  thought  the 
paper  would  not  be  unwelcome. 


THE  DETERMINATION  OF  LATITUDE  BY  OBSERVATIONS  OF 
STARS  AT  ELONGATION. 


L.  B.  Stewart,  O.L.S.,  D.T.S.>  Pjiofi'Jssou  OF  Surveying  and 

Geddesy. 


A description  of  a new  method  for  the  simnltaneons  determina- 
tion of  latitude  and  azimuth  by  observations  of  stars  at  elongation 
was  given  in  the  Sidereal  Messenger  for  April,  1891,  by  Professor  J. 
S.  Corti,  of  the  hTational  Engineering  School  of  San  Jnan,  Argen- 


tine Eepnblic,  and  a discussion  of  his  method  by  Mr.  Otto  J.  Klotz, 
D.T.S.,  is  contained  in  the  report  of  the  proceedings  of  the  Associa- 
tion of  Dominion  Land  Surveyors  for  1892-3. 

In  this  method  a formula  is  developed  which  gives  the  difference 
of  the  azimutl)s  rccon  d either  east 'p' we  f i themeridian — of 

two  stars  when  at  elongation  in  terms  of  the  sum  of  the  azimuths  and 
the  declinations  of  the  stars.  The  sum  of  the  azimuths  is  measured 
with  the  horizontal  circle  of  a transit,  and  by  means  of  flieir  sum  and 
difference  the  separate  azimuths  are  found.  The  latitude  is  then 
determined  from  the  azimuth  and  declination  of  either  star. 


S.P.S. 
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When  a considerable  number  of  stars  have  been  observed,  and 
especially  if  the  observations  have  been  made  with  an  instrument  of 
the  highest  precision,  a method  of  reduction  by  which  the  observations 
may  be  combined  by  Least  Squares  wili  probably  give  closer  results 
than  the  method  indicated  above.  Formula  for  reducing  by  tliis 
method  may  be  derived  as  follows: 

In  the  figure  Z is  the  zenith,  P the  pole,  and  S a star  at  elonga- 
tion; A is  the  point  in  which  the  horizontal  axis  of  the  theodolite 
intersects  the  celestial  sphere,  BDC  the  great  circle  of  which  A is  the 
pole,  and  SE  the  small  circle  traced  by  the  sight  line.  If,  then, 
b = inclination  of  horizontal  axis, 
c =:  collimation  error, 
dP  = error  in  a horizontal  circle 

reading  due  to  instrumental  errors, 

we  have 

AZ-90°— b 
AS=r90°+c 
ZS--90°— h 
AZS=:i90°+dE. 

h being  the  altitude  of  the  star  Then  by  Sph.  Trig. 

cos  AS  — cos  AZ  cos  ZS  + sin  AZ  sin  ZS  cos  AZS 
or 

— sin  c — sin  b sin  h — cos  b cos  h sin  dK; 
or,  b,  c,  and  dP  being  small,  this  becomes 

dP  = b tan  h + c sec  h ( 1 ) 

(See  Chauvenet,  Vol.  II.  p.  320.) 

If  now 

Rq  Ro'  + dPo  — true  meridian  reading  of  horizontal  circle. 

R R'  + dR  true  reading  on  star. 

A - azimuth  of  star  --  PZS 
then  for  an  eastern  elongation: 

A ^ R — R„ 

B'  dU  — BJ  — dR, 

^ (B'  + b tan  li)  — R,'  + c sec  h — dR, 


< 

T5 

+ 

1 

(2) 

A'  — (R'  -r  b Ian  h)  — R,' 
dA  “ c sec  h — dR, 

(3) 

Again,  from  the  triangle  ZPS  we  have 
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, cos  B 

cos  0 = 

sin  A 

in  which 

<p  — the  latitude  = 90°  — PZ 
§ = the  declination  = 90°  — PS 

Then  if  <^  = ^'  + d(f>,  cj)  being  an  assumed  approximate  value  of  the 
latitude,  we  have  by  (2) 

/JL'  I ^ 

cos  (0  + a0)  = ^ — T~, — -- — , 
sm  (A  4-  dA) 

Then  expanding  and  neglecting  the  squares  of  small  quantities, 
this  becomes 

, , . , cos  g 

cos  0 d0  sm  0 = — ; r-r ; 

^ ^ sm  A + dA  cos  A 

cos  ^ ^ , 

= (1  — dA  cot  A ) 

sm  A ^ 

Then  dividing  by  cos  cj)'  and  assuming  that 

,,  cos  ^ 
cos  0 — r 

^ Sin  A' 

in  the  factor  of  dA,  and  substituting  the  value  of  dA  from  (3),  we, 
have 

cos  B 


1 


tan  <p' — — 


(c  sec  h — dR^)  cot  A' 


or 


sm  A cos  0 
d0  tan  <f>'  — c sec  h cot  A'  -f  dR^  cot  A' 
cos  8 


+ 


1 = 0 


sin  a'  cos  (f)' 

By  a similar  process  we  find  for  a western  elongation 

A'  = R^'  _ (R'  + b tan  h) 
d^  tan  (f)'  G sec  h cot  A'  — dR^  cot  A' 


+ 


sin  A'  cos  (f)' 
cos  B 


1 = 0 


We  have  then  finally,  d<^,  c,  and  dR^  being  in  seconds 
A'  = R^'  — (R'  p b tan  h 
d(j)  tan  q:  c sec  h cot  A'  ± dR^  cot  A' 


+ 1 ,( 

sm  1 \sm  A'  eos  0 J 


{^) 


the  upper  signs  being  taken  for  a star  at  eastern  and  the  lower  for 


one  at  western  elongation. 
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Each  star  observed  furnishes  an  equation  of  the  form  (5)^  and 
the  solution  by  least  squares  of  the  equations  so  formed  gives  the 
most  probable  values  of  the  unknown  d(^^  c and  dR. 


In  order  to  be  prepared  for  observation  an  approximate  know- 
ledge of  the  altitude,  azimuth,  and  hour  angle  of  each  star  when  at 
elongation  is  necessary.  These  may  be  found  by  the  formulae 


. , sin  (b  . ^ cos  d 

sin  11  = ^ sm  A = j 

sin  c cos  (p 


cos  t = 


tan  (p 
tan  ^ 


(6) 


In  the  last  of  tliese  t is  the  hour  angle  of  the  star  (=ZPS) 
and  from  this  the  sidereal  time  of  elongation  is  found  by  the  equation 

0 = a + t (7) 

4-  for  a western  and  — for  an  eastern  elongation,  a being  the  star’s  right 
ascension. 

The  approximate  meridian  reading  , if  not  already  known, 
may  be  found  by  adding  to  or  substracting  from  the  reading  on  one 
of  the  stars  the  azimuth  of  that  star  computed  by  the  second  of  (6). 
In  these  computations  an  approximate  knowledge  of  the  latitude  is 
imnlied. 


To  ascertain  what  stars  are  most  suitable  for  observation  we 
return  to  the  equation 


cos  (p  = 


cos  § 
sin  A 


and  by 


ditferentiation  we  find 


d^ 


cos  § cos  A - . 

. . • yT 

sin  9 sin 

cos  ^ dA 

sin  (p  tan  A sin  A 


Then  substituting 

tan  A 


cot  ^ 
cos  h 


sin  A =s 


cos  3 
cos  (p 


we  have 

, tan  3 cos  h /o\ 

= dA  («) 

^ tan  0 

This  shew’^s  tliat  for  a given  error  in  the  azimuth  the  resulting 
error  in  the  latitude  is  least  in  the  case  of  a star  that  culminates  as 
near  the  zenitli  as  possible,  as  then  8 and  cp  are  nearly  equal  and  h 
is  large.  In  selecting  stars  then  for  observation  those  are  chosen 
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whose  declinations  exceed  the  latitude  of  the  place  as  little  as  pos- 
sible ; and  none  should  be  used  whose  declinations  exceed  the  latitude 
by  more  than  about  15°,  as  then  the  erroir  in  the  latitude  exceeds  that 
of  the  observed  azimuth. 

In  order  to  test  the  above  method  the  following  observations  were 
made  by  the  writer  at  Toronto  on  March  28th,  1903.  The  instrument 
used  was  a 10-in.  theodolite  by  Troughton  & Simms,  the  horizontal 
circle  of  which  is  read  by  two  microscopes  to  single  se,conds.  On 
sighting  each  star  both  microscopes  were  read,  and  both  forward  and 
backward  readings  were  taken  on  adjacent  divisions  of  the  circle  to 
eliminate  error  of  runs.  The  striding  level  was  also  read  for  each 
star.  The  observations  were  as  follows: 


Stars. 

Elong. 

Hor. 

Circ 

eadings. 

Level. 

Mic.  A. 

Mic.  B. 

0 

/ 

d. 

d. 

yjr'  Aurigse 

....  W. 

62 

20 

f. 

2 

13-2 

2 

18-0 

26-6 

29-7 

b. 

2 

12-5 

2 

21-7 

28*3 

27-7 
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....  W. 

72 

45 

f. 

3 

43-4 

3 

48-4 

24-8 

31-5 

b. 

3 

44  0 

3 
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25-2 

31  0 

€ Ursse  Maj  . . . . 

....  E. 
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20 
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2 

18-2 
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09-3 

27-0 

29-3 

- 

b. 
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18-2 
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14-4 

26-0 

30-3 

69  H.  XJrsae  Maj  . . 

....  E. 

169 

35 

f. 

1 

32-4 

1 

270 

23-3 

33-0 

b. 

1 

310 

1 

27-4 

26-1 

30-4 

U rsse  Maj 

....  E. 

204 

15 

f. 

3 

55-2 

3 

44-6 

270 

291 

b. 

3 

55-7 

3 

46  3 

27-3 

28 '8 

f Ursse  Maj 

....  E. 

178 

15 

f. 

1 

50-3 

1 

42-3 

25  3 

30-6 

b. 

1 

49  9 

1 

42*8 

27.5 

28-7 

15  Lyncis  

....  W. 

80 

25 

f. 

3 

06-7 

3 

07-3 

24*2 

32*2 

b. 

3 

06-6 

3 

07-5 

25*3 

310 

27  Lyncis  

....  W. 

67 

50 

f. 

1 

12-8 

1 

18-5 

24-5 

320 

b. 

1 

12-7 

1 

21-7 

27-2 

29-4 

i Ursai  Maj 

....  W. 

60 

00 

f. 

4 

54-6 

4 

56-8 

25-6 

30-9 

b. 

4 

53-5 

4 

57-8 

26-5 

30-2 

r)  Ursae  Maj 

...  E. 

189 

45 

f. 

1 

58-9 

1 

49*2 

25  9 

30-8 

b. 

1 

58-4 

1 

50-7 

28-8 

27-8 
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The  declinations  of  the  stars,  taken  irom  the  Berliner  Jahrbiich, 


and  the  values  of  A'  found  from  the  above  observations, 

are 

! as 

follows : 

o / // 

O 

A'. 

Aurig?e  

49  20  15-8 

64 

14 

46  T 

S Aurigie  

54  16  41-7 

53 

48 

22-5 

€ Urs0e  Maj 

56  28  58  8 

49 

45 

10-5 

69  H.  Ursae  Maj 

60  26  36-2 

42 

59 

21-5 

^|r  Ursje  Maj 

45  01  19-8 

77 

41 

43-7 

f Ursae  Maj 

55  25  43-2 

51 

39 

41-8 

15  Lyncis 

58  33  03-3 

46 

09 

01-2 

27  Lyncis 

51  47  10-0 

58 

45 

51-8 

i Ursse  Maj 

48  25  17.1 

66 

32 

13-8 

y Ursae  Maj 

49  47  38-0 

63 

09 

50-6 

We  have  here  assumed  that 

0'  = 

43°  39'  30" 

Ro'  = 

126  37  00 

The  observation  equations 

are  then  as  follows: 

0-954  d(f)  + 

1-165  c 

- 0-482  dR^  — 2-3  = 0 

0 954  d^  + 

1-272  c 

- 0-73^  dR°  -2-9  = 0 

0-954  d7>  - 

1 510  c 

+ 0 847  dR.  — 5-5  = 0 

0-954  d^  — 

1-764  c 

4-  1 073  dR^  -96  = 0 

0 954  d(p  — 

1-002  c 

+ 0-218  dR°  - 5-0  = 0 

0 954  d^  — 

1-450  c 

+ 0-791  dR^— 10  7 = 0 

0 954  d^  + 

1 -635  c 

— 0-961  dR^  + 1-3  = 0 

0-954  d(f>  + 1-270  c 

- 0-606  dR°  + 0-7  = 0 

0-954  d<^  + 

1-128  c 

— 0.434  dR^  — 1-7  = 0 

0-954  Acf)  - 

1-182  c 

+ 0-506  dR^  — 4-7  = 0 

From  these  are  formed  the  following  normal  equations : 

18-429  c - 9-458  dR,  — 0-418  d0  + 46-048  = 0 

— 9-458  c + 5-045  dRo  + 0-210  d</)  — 24  595  = 0 

- 0-418  c + 0-210  dRo  4-  9-101  d^  - 38  542  = 0 

The  solution  of  which  gives 

dd>  = + 4-^3  wt  = 9-092 
dR^  = -h  5-  15 
c = -f  0-  24 
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Substituting  these  values  in  the  observation  equations  we  find 
for  the  sum  of  the  squares  of  the  residuals 

27.9373, 

whence  the  probable  error 


0-6745 


/ 27-9373 
9-092  X 7 


= 0-45 


. *.  we  have 

(f)  = 43^'  39'  34"  13  ± 0-"45 


The  value  previously  found  for  the  same  point,  by  the  transits  of 
nineteen  stars  across  the  prime  vertical,  was 

0 = 43°  39'  34-'T3  + 0''21 
This  close  agreement  is  of  course  accidental. 

The  principal  source  of  error  in  latitude  determinations  by  ob- 
serving stars  at  elongation  is  incorrect  pointing  to  the  stars,  as  is  to 
be  expected,  and  as  appears  also  from  the  above  observations,  as  the 
two  largest  residuals  belong  to  two  stars  of  the  second  magnitude, 
which  are  difficult  to  bisect  owing  to  their  brightness.  Stars  as  bright 
as  the  second  magnitude  should,  therefore,  be  avoided  if  possible  in 
all  precise  work. 


NOTES  AND  COMMENTS. 


The  attention  of  the  graduates  and  undergraduates  of  the  School 
of  Practical  Science  is  directed  to  the  fact  that  the  Registrar,  Mr. 
A.  T.  Laing,  has  offered  his  services  in  the  matter  of  furnishing 
information  regarding  open  situations  in  their  various  lines.  Two 
reasons  for  this  undertaking  may  be  cited: — Engineering  firms  and 
engineers  are  continually  writing  for  and  complaining  that  they 
cannot  obtain  graduates  or  undergraduates  of  the  School:  also  two 
weeks  after  the  session  ends,  owing  to  changes  of  addresses,  the  School 
directory  becomes  useless  as  a means  whereby  the  students  — all 
hard  at  it  somewhere  no  doubt — may  be  located  from  time  to  time 
by  the  Registrar.  It  is  very  desirable  that  the  School  of  Practical 
Science  should  be  able  to  offer  the  names  of  suitable  men  when  such 
requests  are  received.  Will  all  the  graduates  and  undergraduates 
kindly  see  to  it  that  Mr.  Laing  is  kept  posted  up  to  date  with  their 
addresses,  occupations,  etc.,  so  that  intercommunication  on  this  sub- 
ject may  be  possible.  Such  information  as  the  Registrar  could 
give  might  often  be  of  interest  to  men  desirous  of  changing  their 
positions. 

You  have  no  doubt  noticed  the  loose  sheet  among  these  pages 
on  which  is  a four-color  reproduction  of  a college  pin.  It  is  intended 
to  give  you  some  notion  of  the  new  School  of  Practical  Science 
Pin,”  adopted  by  vote  of  the  students,  January,  1903,  as  our  standard 
pin.  The  design,  by  Messrs.  F.  A.  Gaby  and  A.  E.  Davison,  ^03,  is 
one  of  many  submitted,  and  has  been  registered  by  the  Engineering 
Society.  The  pin  can  be  bought  only  through  the  Society.  It  is 
not  only  a School  pin  but  also  a year  pin,  as  can  be  seen  from  the 
two  raised  year  ” figures  on  it.  Ambrose  Kent  & Sons,  Toronto- 
(see  page  13),  manufacture  the  pins  for  us,  and  three  options 
are  offered: — sterling  silver,  gold  plated,  50c.;  solid  10k  gold^ 
$1.25;  solid  10k  gold  with  seven  small  pearls  substituted  for  the 
white  bar  between  the  year  figures,  $2.00— your  own  year  figures  in- 
cluded. It  is  hoped  that  every  graduate  of  the  School  will  possess 
himself  of  a pin  and  wear  it,  so  that  the  ever-increasing  numbers 
of  new  graduates  will  have  some  means  of  knowing  and  being  known 
by  their  predecessors  whom  they  may  meet. 

The  members  of  the  Engineering  Society  have  been  meditating 
upon  the  necessity  of  having  a special  cover  design  for  the  annual 
volume  of  transactions.  They  liave  also  been  thinking  of  the  advisa- 
bility of  substituting  some  suitable,  short,  suggestive,  name  for  our 
present  lengthy  title.  Suggestions  on  both  questions  will  be  gladly 
received,  and  $25  be  paid  for  the  chosen  cover  design. 


TREASURER’S  REPORT. 


Mr.  President, — I beg  to  submit  the  following  statement  showing 
balances,  receipts  and  expenditures  for  the  term  ending  March  27th, 

1903: 

To  balance  on  hand  March  27th,  1903 $ 142  04 

To  amount  of  members^  fees $214  50 

of  life  members’  fees  13  00 

graduates’  donations  30  00 

of  library  proceeds 919  25 

from  advertising  and  sale  of  pamphlet 

hTo.  15  184  17 

of  Government  grant  50  00 

$1,410  92 


Total  $1,552  96 

By  amount  for  publishing  pamphlet  No.  15 $365  55 

of  printing  account  234  07 

for  paper  and  supplies  493  32 

expenses  to  Eeps.  to  Queen’s  and  McGill 35  70 

customs  ^ 

discounts  2, 

election  expenses  ^0 

postage  and  stationery  21  8b 

photos  and  frames  for  library 13  10 

copyrighting  pin  5 00 

$1,186  97 

By  balance  in  Bank  of  Commerce  365  99 


$1,552  96 

In  viewing  the  finances  of  the  past  year  it  will  be  noticed  that 
it  has  been  a fairly  prosperous  one.  However,  if  the  Society  had 
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'better  financial  support'  it  would  enable  ns  to  add  many  improve- 
ments which  would  be  of  lasting  benefit,  both  to  undergraduate  mem- 
bers and  the  profession  at  large.  To  this  end,  during  the  past  year, 
■donations  were  received  from  several  life  members,  but  the  response 
was  not  so  general  as  had  been  expected.  We  would  suggest  that 
every  graduate  should  be  a life  member  and,  by  keeping  in  touch  with 
the  work  and  aim  of  the  Society,  could  build  it  up,  financially  and 
•otherwise,  to  a prominent  place  among  the  Engineering  Societies  of 
-the  continent. 

All  of  which  is  respectfully  submitted. 

F.  X.  Eutherford, 

Treasurer. 


AUDITORS’  REPORT. 


We  have  to-day  examined  the  books  of  the  Treasurer.  F.  X. 
Tlutherford,  and  find  a balance  on  hand  of  three  hundred  and  sixty- 
five  dollars  and  ninety-nine  cents.  There  are  outstanding  debts  due 
the  society  of  forty-four  dollars. 

March  27th,  1903. 

F.  D.  Henderson,  1 

Auditors. 


W.  G.  McFarlane,  J 


EXCHANGES. 


Ontario  Land  Surveyors,  Toronto,  Eeport,  200  copies. 

Michigan  Engineering  Society,  Climax,  Mich.,  Michigan  Engineer, 
125  copies. 

Engineering  Society,  University  of  Illinois,  Champaign,  111.,  Tech- 
nograph, 100  copies. 

Association  of  Civil  Engineers,  Cornell  University,  Ithaca,  N.Y., 
Transactions,  100  copies. 

Perdue  Society  of  Civil  Engineers,  Lafayette,  Ind.,  100  copies. 
University  of  Toronto  Studies,  Toronto,  Ont. 

Ontario  Association  of  Architects,  Toronto,  Ont. 

Ontario  Historical  Society,  Education  Dept.,  Toronto,  Ont. 

Bureau  of  Mines,  Toronto,  Ont. 

Geological  Survey  of  Canada,  Ottawa,  Ont. 

QueeiPs  University,  Kingston,  Ont. 

Canadian  Society  of  Civil  Engineers,  Montreal,  P.Q. 

Canadian  Mining  Institute,  Nova  Scotia,  Can. 

Association  of  Engineering  Societies,  Philadelphia,  Pa. 

Pratt  Institute,  Brooklyn,  N.Y. 

Kenselaer  Society  of  Engineers,  Troy,  N.A^. 

Colorado  School  of  Mines,  Golden,  Cal. 

Columbia  Universit}^,  New  York,  N.Y. 

American  Society  of  Civil  Engineers,  New  York,  N.Y. 

United  States  Coast  and  Geodetic  Survey,  Washington,  H.C. 

United  States  Tests  of  Metals,  etc.,  Washington,  D.C. 

Patent  Office,  London,  Eng. 

Institution  of  Mechanical  Engineers,  London,  Eng. 

Poyal  Institution  of  British  Architects,  London,  Eng. 

Society  of  Cliemical  Industry,  London,  Eng. 

Institution  of  Junior  Engineers,  London,  Eng. 

Institution  of  Engineers  and  Shipbuilders,  Glasgow,  Scotland. 
Societe  des  Ingenieurs  Civils  de  France,  Paris,  France. 
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